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ABSTRACT 


A  set  of  reactive  liquid  crystal  materials  were  developed 
which  are  capable  of  detecting  quantities  (10  ppm  or  less)  of  HCl,; 
HF,  hydrazine,  UDMH,  and  nitrogen  dioxide.  The  materials  exhibit  * 
change  in  color  transition  temperature  upon  exposure  to  these  conti^ 
ant  gases  or  vapors.  Except  for  HF  and  HCl,  the  contaminants  are  ’ 
readily  distinguished  from  each  other.  i 
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1.  SUMMARY 


The  purpose  of  this  contract  vas  to  determine  whether  reactive 
liquid  crystcds  coiild  be  developed  that  would  detect  1  to  10  ppo  of 
certain  gases. 

Satisfactory  materials  were  produced  to  detect  hydrazine 
hydrate  (HH),  unsysmetrlcal  dimethylhydrazine  (UDMH),  N02»  HF, 

and  HCl.  With  the  exception  of  HCl  and  HF,  all  of  the  gases  could  be 
readily  distinguished  from  one  another. 

Temperatiu'e-sensitlve  detectors  were  developed  which  are 
capsble  of  distinguishing  between  HH  and  UCMH  at  concentrations  of  8 
ppo. 

A  number  of  detectors  were  developed  that  respond  to  the 

oxides  of  nitrogen,  and  detection  of  6  ppm  of  RO2  was  satisfactorily 
achieved.  tidilch  is  relatively  inert,  was  found  not  to  react  with 

any  of  the  systems  studied* 

When  oxides  of  nitrogen  are  present  in  an  atmosphere  that 
contains  any  water  vapor,  HNO^  will  be  formed.  Hence  it  was  deemed 
wise  to  obtain  a  detector  of  HHO^,  although  this  was  not  specifically 

called  for  in  the  contract.  Materials  that  detected  1  pias  wez^  pre¬ 
pared  and  tested. 

Two  detectors  were  developed  that  will  detect  HCl  and  HF  at 

concentrations  below  1  pixn.  However,  no  simple  method  for  distinguish¬ 
ing  between  the  two  was  found. 

Tables  1.1  and  1.2  summarize  the  results  obtained  with  the 
best  detection  materiads  developed.  The  rectangles  in  the  tables 


indicate  tba  nature  and  degree  of  the  effect  vhen  a  detecting  material 
producei  a  itrong  reaction  to  one  of  the  gases.  Because 
of  lack  of  tlsM,  certain  materials  were  not  tested  with  all  of  the 
gases.  These  are  Indicated  by  "NT"  In  the  tables. 

For  gas  detection  a  l>mll  cholesteric  liquid  crystal  film 
is  prepared  on  one  side  of  a  thin  Hy^lar  film,  and  the  other  side  of 
the  film  Is  sprsyed  with  a  black  paint.  At  room  teaqwrature  this  film 
will  reflect  little  ll£^  and  hence  will  appear  black.  If  the  film  Is 
slowly  heated  It  will  reach  a  temperature  at  which  It  reflects  red 
light,  so  It  appears  red  If  viewed  by  sunlight  or  Incandescent  light. 
This  temperature  Is  called  the  "red  temperature."  A  further  Increase 
In  temperature  causes  It  to  turn  orange,  then  yellow,  then  green,  then 
blue,  and  finally  black  again.  The  process  Is  reversible,  so  as  the 
film  Is  cooled  the  predominant  wave  length  of  the  reflected  U^t 
varies  from  the  short  wavelength  blue  to  the  long  wavelength  red.  Row 
If  some  gas  reacts  with  the  liquid  crystcd  matrix  the  red  color  may 
occur  at  a  different  teaqperature.  This  Is  Illustrated  for  a  variety 
of  gases  and  a  variety  of  liquid  crystal  detectors  In  Table  1.1.  For 


Table  1.1  —  Summary  of  Best  Detection  Materials. 
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example,  when  material  M  is  reacted  with  6  pixn  of  UIMH  for  1^  min,  the 
red  temperature  is  reduced  by  2*C. 

Table  1.2  Illustrates  a  detection  method  for  circumstances 
in  which  no  accurate  means  of  temperature  measurement  is  practical. 

For  example,  to  test  for  UDMH  one  takes  two  sample  patches  of  material 


Table  1.2  —  Observation  of  Detection  Materials  at  a  Single  Ten5)erature . 
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M.  One  patch  is  exposed  to  4  ppm  of  UDMH  for  1^  min  and  the  other  is 
kept  unexposed  as  a  control.  Then  the  two  are  heated  together  until 
the  control  turns  green,  at  which  time  the  exposed  patch  will  shift 
to  blue. 


About  TOis  Report.  Sections  of  this  report  discuss  in  detail 
the  problems  of  developing  detectors  for  each  of  the  gases.  The  screen¬ 
ing  tests  and  the  sensitivity  tests  used  for  each  gas  are  deserihed. 

General  background  on  liquid  crystals  and  their  use  as 
detectors  is  given  in  Appendix  I.  Their  molecular  structure  and  usual 
optical  properties  are  discussed  at  some  length. 
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Dttallii  of  tho  ehodeal  preparation  of  26  aateriala  that  are 
UMd  in  the  preparation  of  varioua  liquid  crystal  detectors  are  given 
in  Appendix  II. 

A  description  of  the  apparatus  that  was  used  for  volunetric 
dilution  vlll  be  found  in  Appendix  III. 

Appendix  IV  explains  hov  saaples  of  solutions  of  liquid 
crystal  detecting  materials  can  be  prepared  for  exposure  to  an  atmos¬ 
phere  containing  contaminant  gas,  and  hov  the  films  may  be  tested. 

Table  IV.  1  lists  all  of  the  materials  that  were  delivered  to  RADC. 

j 
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2.  lUTRODUCTION 

Liquid  crystal  materials  may  be  used  for  the  detection  of 
small  quantities  of  reactive  chemical  vapors.  The  following  factors 
are  fundamental  to  this  application: 

a)  A  liquid  crystal  system  can  be  prepared  which  has  a 
given  color  over  a  broad  range  of  temperatures,  and  the  tenq)erature 
sensitivity  may  be  varied  as  desired.  As  an  example  of  this,  consider 
the  cholesteric  system  composed  of  cholesteryl  oleyl  carbonate  (OCC) 
and  cholesteryl  nonanoate  (CN)  which  shows  a  variation  in  the  tempera¬ 
ture  of  operation  from  20.5*C  for  pure  OCC  through  all  temperatures 
(for  varying  mixtures  of  these  two  materials)  up  to  70*C  for  pure  CN. 

b)  Materials  soluble  in  the  liquid  crystal  phase  when  sdxed 
in  small  amounts  with  the  liquid  crystal  system  will  change  the  color 
vs.  temperature  relationship  of  the  system  by  a  predictable  astount. 

The  solubility  pre-requisite  of  the  additive  is  not  too  great  a 
limiting  factor,  since  almost  ell  oil  soluble  coaq>ounds  will  be  soluble 
in  the  liquid  crystal  matrix. 

c)  The  color  of  the  liquid  crystal  system  is  a  function  of 
the  shape  and  polarity  of  the  molecules  of  which  it  is  cosqposed.  This 
effect  appears  to  occur  as  an  averaiglng  effect  so  that  the  wavelength 
of  maxlsnia  scattering  of  the  color  of  a  liquid  crystal  system  will  be 
affected  by  all  the  constituents.  Thus,  if  an  oil  soluble  material, 
whose  shape  or  polaur  properties  may  be  changed  by  a  specific  chemical 
reaction.  Is  added  to  a  liquid  crystal  matrix:  l)  the  system  will  be 
sensitive  (reactive)  to  a  specific  vapor  (or  vapors);  2)  the  sensi¬ 
tivity  will  manifest  itself  aS  a  change  in  the  color  of  the  liquid 
crystal  system;  and  3)  the  effects  will  be  permanent  or  nonpermanent 
depending  upon  the  chemical  reaction  or  reactions  involved.  This 
phenoewnon  occurs  even  though  the  original  oil  soluble  additive  does 
not  change  color  when  it  alone  chemically  reacts  with  the  vapor. 
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Xt  It  in  tbit  fashion  that  the  liquid  crystal  natrix  serves  ; 

! 

at  a  tentitive  indicator,  for  useful  applications  it  is  necessary  to 
find  liquid  crystal  systens  with  suiterials  dissolved  in  then  vhlch  j 
will  react  with  specific  vapors  so  as  to  produce  easily  identifiable  ^ 
colors  at  or  near  root  temperature.  | 

The  work  associated  with  developing  specific  detectors  for 
each  of  the  gases  it  found  in  the  following  sections.  | 
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3.  DETECncai  OF  IKACE  HCl  iUR)  HF 


3.1  IHTRODUCnOK  AND  THEXJRY 

Ic  the  detection  of  acidic  vapors,  e.g.,  hydrochloric  acid 
and/or  hydrofluoric  acid  vapors,  an  acid-base  type  of  reaction  secwd 
of  prime  interest.  The  general  theory  of  acids  and  bases  as  pressed 
by  O.N.  Levis  vas  to  define  bases  as  substances  having  unshared  jelfectron 
pairs  that  can  be  donated  to  fora  coordinate  (sharad)  covalent 
He  defines  an  acid  as  a  substance  having  at  least  one  atom  that  can 
accept  or  receive  into  Its  valence  shell  an  electron  pair  belonging 
to  another  atem  with  bond  foinnation  as  the  result. 

In  this  investigation  the  base  portion  of  the  acid-base  type 
reaction  has  been  organic  amino  coopounds,  and  skore  specifically,  the 
nitrogen  atom  with  its  unshared  electron  pair  present  in  these  amines. 
The  aailno  cospounds  can  be  used  as  additives  to  the  liquid  crystal 
matrix,  or  they  may  be  synthesized  as  Integral  parts  of  the  liquid 
crystal  system  Itself.  The  acid  poz^ion  of  the  reactions  to  be  con- 
sirred  is  the  proton  from  the  halogen  acids  which  can  avail  itself 
of  ^he  unshared  pair  of  electrons  on  the  amino  nitrogen  atom  for  I bond 
foramtlcai.  In  these  cases  the  reaction  products  are  substituted 
ank|nlum-type  derivatives.  For  example 


H  + 


R  -  I 


Hg  ♦  H 


-  N  Hg  j 


(1) 


H  4 


RR*  -  R  R  *  H 


-*1^'  -N  hJ 


(2) 


RR*R"  -  R  + 


H  + 

-♦  ^RR’R"  - 


(3) 


■■■•  •*'  *  tv-  ». 


•  ■»  %n 


Daptadiaf  upon  whether  the  Mine  ie  prlnary  (l}»  secondary  (2),  or 
tertiary  (3)>  the  products  of  reaction  are  those  shown  above. 

Varying  the  degree  of  substitution  as  well  as  the  types  of 
substituent  groins  of  the  nitrogen  atom  in  the  aaiine  is  known  to  affed 
the  base  strength  of  the  Molecule.  Consider  the  protonation  by  water 
of  sosw  aliphatic  asdnes  and  assaonla  (Table  3«l)>  Here  we  see  that 
the  relative  strengths  of  these  basic  Materials  vs.  hydrogen  acids  in 
aqueous  systens  are  in  the  order  shown.  In  general  then,  it  can  be 
said  that  the  result  of  replacing  the  hydrogen  atons  of  asasonia  with 

) 

alkyl  (S)  groups  is  to  increase  the  basic  strength.  The  effect  of 
alkyl  groups  is  clearly  to  make  the  unshared  pair  of  electrons  on 
nitrogen  More  available  to  an  electrophilic  substance  (e.g.,  the  proton 
that  is,  the  alkyl  groups  increase  the  electron  density  on  the  nitrogen 
atoM.  This  effect  of  the  alkyl  groups  is  referred  to  as  an  inductive 
effect  and  is  a  reflection  of  the  unequal  sharing  of  the  electrons  in 
the  bond,  with  the  result  that  nitrogen  is  relatively  More  electron 
rich  in  BHHg  than  in  RH^. 

Table  3*1  '  Base  Strength  of  Aliphatic  Amines  and  Aasnonia 


Structure 

Base  Strength 

AaMonla 

IIH3 

4.75 

Trlmethyl  Amine 

((*3)311 

4.20 

Methyl  Aalne 

(*31*2 

3.37 

Trlethyl  Aalne 

(CH3CH2)3M  ^ 

3.36 

Ethyl  Amine 

CHgCHgHHg 

3.27 

Dimethyl  Aalne 

(CH3)2llH 

3.22 

Diethyl  Amine 

(CH3CH2)2HH 

2.89 

further  consideration  of  the  data  in  Table  3.1  illustrates 


other  Important  structural  effects.  Thus,  althouj^  the  replacement  of 
the  hydrogen  atoms  of  asoonia  by  alkyl  groups  causes  an  increase  in 
base  strength,  triethylamlne  is  weaker,  rather  than  stronger,  than 
dlethylaalne.  This  is  readily  explained  by  considering  the  tetrahedral 


configuration  that  the  protonated  anmonia  (KhJ)  or  amine  [(CK^CHg) 
assumes.  The  presence  of  three  bulky  CH^CHp-groups  causes  some  crovd> 
ing  of  these  groups  when  they  are  forced  into  the  tetrahedral  configura¬ 
tion.  This  mutual  interaction  involves  repulsive  forces  that  oppose 
the  attachment  of  the  proton.  Thus,  the  tendency  to  accept  the  proton 
is  reduced,  and  the  base  strength  is  less  than  it  would  be  expected  to 


be. 

Another  structural  effect  need  be  considered.  Trimethylamlne, 
is  a  somewhat  weaker  base  (see  Table  3-1)  than  triethylamine, 
with  respect  to  protonation  (that  is,  base  strength  values  are 
equilibrium  constants  for  protonation  by  water).  However,  it  is  note¬ 
worthy  that  the  Lewis-type  acid  trimethylboron,  B(CH2)2>  forms  a  more 
stable  ccanplex  with  trimethylaraine  than  triethylamine.  This  result  can 
be  accounted  for  by  examining  molecular  models  of  these  addition-type 


0  CHi—  H:B— CH- 


CH 


V  \ 


CH. 


CHjCH^  B:B— CHg  (5) 
^  CH^ 


compounds.  In  the  triethylamine  complex  (5)  the  interference  between 
the  ethyl  groups  and  the  methyl  groups  on  the  boron  atom  promotes 
dissociation  of  the  complex.  In  the  trimethylamine  complex  (U)  this 
interference  is  somewhat  less,  and  so  the  cooplex  is  more  stable. 

Thus,  the  trimethylamine  is  a  stronger  base  towards  trimethylboron  than 

is  triethylaniine .  .  - 

Both  of  the  foregoing  structural  effects  are  often  referred 
to  as  steric  factors  and  are  concerned  with  the  spatial  requiresMnts 
of  the  Btolecules  Involved  in  specific  reactions  and  series  of  reactions. 
To  more  clearly  illustrate  the  necessity  of  close  consideration  of 
spatial  requirements  consider  the  role  played  by  steric  interference  of 
the  type  Just  discussed  on  the  tertiary  amine  quinuclidlne  (6). 
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/c^-a^ 

CH  M: 

\  / 

CHg— CH^ 


(6) 


QalBuelldlnc,  which  ctruetxurally  approocloates  trlethy laming  forma  a 

eoMSOund  with  tria«thyIboron  that  is  more  stable  than  (CH^)  H  -  B  (CH.) 

J  3  3  3 

Ths  folding  back  of  the  carbon  chains  attached  to  nitrogen  as  a  result 
of  their  presence  in  the  cage>like  ring  system  reduces  interference 
with  the  methyl  groups  and  contributes  to  stability  in  the  cooqplex. 

Thus,  depending  on  the  reactions  and  the  reactants  involved,  different 
orders  of  increasing  or  decreasing  basicity  (or  acidity)  can  be  obtained 
In  the  vapor  phase  detection  of  acidic  vapors  like  hydrochlorl 
(HCI)  and  hydrofluoric  (HF)  acids,  the  protonation  reaction  of  a  base 
will  differ  from  that  of  an  aqueous  system,  in  that  acid  and/or  base 
strengths  may  vary.  In  aqueous  systems,  the  only  acid  that  need  be 
considered  is  the  protonated  water  molecule  (H^O^),  and  its  strength 
is  constant .  Considerations  of  the  acid  stren^hs  of  the  two  acids 
to  be  detected  and  differentiated  from  each  other  should  indicate  the 
base  strengths  of  the  amines  to  be  used.  Under  the  conditions  eoploy- 
ed  for  the  detection  of  HCI  and  HF,  the  former  is  the  stronger  acid. 

This  is  due  primarily  to  the  manner  in  which  dissociation  occurs  and 
can  be  depicted  as  follows.  In  the  vapor  state,  the  associated  HX 
molecxile  approaches  the  electron  padr  on  the  nitrogen  atom  of  the  amine 

to  form  a  transition  type  complex  (T): 

I  r  I  1  (*)  I  (♦) 

H:X  ♦  -  b:  -»[X:H  <•••:»- I -*Xt  HlN- 

I  I  -  I  J  I 


(7) 


As  dissociation  occurs,  the  hydrogen  atom  is  captured  by 
the  nucleophilic  nitrogen  atom  to  form  an  asmtonliw  type  coo^lex.  Thus, 
since  the  dissociation  energy  of  HCI  is  lower  (102  K  cal/mole)  than 
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that  of  HF  (135  K  cal/mole),  then  HCl  manifests  itself  as  the  stronger 
acid.  Gaseous  HF  exists  to  a  large  degree  in  the  associated  state; 
i.e.,  molecules  of  HF  are  associated.  This  can  be  readily  explained  by 
the  greater  tendency  for  hydrogen  bonding  which  HF  exhibits  as  com¬ 
pared  to  HCl. 

Thus,  as  stated  earlier,  not  cnly  must  the  reacti'jns  involved 
be  carefully  examined  but  also  the  reactants  before  any  order  of  reac¬ 
tivity  or  selectivity  can  be  established.  If  an  acid-base  scale  ic 
to  be  determined,  careful  considerations  must  be  given  to:  (a)  the 
molecular  structure  of  the  various  species  involved  so  as  to  preclude 
discrepancies  arising  from  spatial  requirements  (sterlc  factor)  and 
(b)  the  anticipated  reactions  so  that  similar  and  identical  reactions 
are  compared  (as  opposed  to,  e.g.,  protonation  in  aqueous  and  non- 
aqueous  systems). 

Sii^'  e  protonation  in  the  vapor  phase  was  the  reaction  under 
consideratic  ,  then  it  appeared  that  All  that  was  required  for  identifi¬ 
cation  and/or  differentiation  of  HCl  and  HF  was  an  amine  of  the  appro¬ 
priate  basicit;  and  spatial  requirements.  As  concerned  the  I’teric 
factor,  it  could  be  eliminated  since  in  '  ith  instances  the  8aa>e  moiety 
was  involved,  namely,  the  proton.  Therefore,  any  effect  due  to  this 
factor  would  be  similarly  evident  in  both  cases.  To  determine  the 
appropriate  basicity  for  both  detection  and  identification  a  screening 
technique  was  employed  using  cocanercial?.y  available  materials  in  ad¬ 
dition  to  those  prepared  in  these  laboratories.  It  was  anticipated 
that  there  would  be  found  nitrogen-containing  amines  whi:h  were  of 
such  structures  and  composed  of  such  groups  that  would  allow  for  the 
sioqjle  and  direct  detection  and  identification  of  both  BJl  and  HF. 

In  addition  to,  and  possibly  in  conjunction  with,  this  acid- 
base  type  of  detection,  the  literature  was  screened  for  both  qualita¬ 
tive  and  quantitative  analytical  reagents  that  might  serve  as  detectors. 
The  one  major  problem  was  the  prerequisite  of  oil  solubility.  Kone 
of  the  Inorganic  analytical  reagents  could  be  readily  dissolved  in  the 
liquid  crystal  matrix.  An  examination  of  the  literature  on  orgcnlc 
analytical  reagents  did  not  produce  many  oil  soluble  reaigents;  a^ctually. 
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oaly  one  ree^ient  eppeered  to  be  useful,  tripbenyl  tin  chloride^. 

Another  possible  nesns  of  differentiating  between  HCl  and  H! 
that  was  considered  was  the  difference  in  the  rates  of  addition  of  th 
hydrogen  halides  to  unsaturated  conpounds,  e.g.,  olefins  (^aC^). 
Since  these  reactions  would  occur  ^ 


I  I 

-C-C-  ♦  H:X 


(8) 


with  the  acids  in  their  vapor  state  then  a  difference  in  reactivity 

/ 

would  be  noted  which  would  be  due  to  the  ionization  difference  of  the^ 
two  hydrogen  halides.  To  be  s\ure,  the  nucleophilic  character  of  the  ; 
olefin  will  play  a  part  in  this  ionization,  but  it  will  be  a  ccuistant: 
for  both  acids.  I 

A  possible  aeans  of  detection  of  HP  and  not  HCl  (for  dlffere 
tiation)  that  was  considered  was  to  use  HP  as  a  Lewis  Type  acid  cataly 
e.g.,  boron  trifluoride,  ferric  chloride,  zinc  chloride,  iodine,  etc-. 
This  idea  was  not  acted  upon  since  the  HP  vapors  would  always  be  in 
the  presence  of  water  vapor  which  would  tend  to  inactivate  the  HP  as 
coecems  its  catalytic  use.  I 

1 

3.2  SCREBIING  TESTS 

To  find  a  sensitive  detector  which  would  also  serve  as  a 
dlscrlsdnator  between  HCl  and  HP  vapors,  the  following  method  was  | 
used  as  a  qualitative  type  screening  test.  The  coeqxsund  under  exsalna 
tlon  was  incorporated  in  4  wt.^  concentration  within  a  liquid  crystal  | 
rix  coaqpound  of  60  wt.%  cholesteryl  nonanoate  and  40  wt.^  cholesteryl  j 
carbonate.  This  sdxture  was  dissolved  in  a  solvent  of  either  petroleuj 

i 

ether  or  petroleum  ether /chloroform  mixture  (using  only  enough  chlorofl 
to  effect  complete  solubility  and/or  silsclbillty).  A  dilution  volume  ! 
ratio  of  from  7:1  to  10:1  (solvent  to  liquid  crystal-detector  system) 
was  used  which  allowed  for  film  thickness  of  from  2%  to  20u,  respec¬ 
tively.  The  liquid  crystal  films  were  cast  on  0.25  mil  thick  Mylar 


film  which  was  stretched  on  k.2^”  brass  hoops.  The  back  side  of  the 
Mylar  was  blackened  using  a  dull  black  paint  applied  from  a  spray  can 
(Krylon  paint).  Application  of  the  liquid  crystal- solvent  system  to 
the  Mylar  film  was  by  means  of  a  medicine  dropper.  Only  enough  materiia 
was  applied  to  the  M/lar  film  to  permit  even  flow  to  a  diameter  of 
3-4  inches.  The  solvent (s)  was  allowed  to  evaporate,  and  the  liquid 
crystal  film  with  the  incorporated  detector  was  now  ready  for  use. 

The  method  used  for  sampling  HCl  and  HF  was  as  follows:  A 
10  cc  hypodermic  syringe  was  filled  with  vapors  existing  with  a  bottle 
of  either  36  wt.^6  of  HCl  solution  or  48  wt.^t  of  HF  solution.  It  was 
then  assumed  that  the  syringe  now  contained  only  HCl  (or  HF)  vapors. 
(Actually,  of  course,  the  syringe  also  contained  an  appreciable  amount 
of  water  vapor  and  air.)  This  volume  was  then  diluted  with  air,  by 
repeated  emptying  to  1  cc  and  filling  with  air  to  10  cc,  until  con¬ 
centrations  of  approximately  a)  100  ppm,  b)  10  ppm,  and  c)  1  ppm 
were  obtained.  Gas  mixtures  of  these  concentrations  were  then  delivered 
to  the  liquid  crystal  film  (prepared  as  described  above)  by  emptying 
the  syringe  approximately  1  in.  above  the  center  of  the  film.  In  this 
manner  the  materials  listed  in  Table  3.2  and  Table  3.3  were  tested. 

An  examination  of  these  two  tables  provides  the  screening 
results  concerning  reactivity  of  the  listed  additives  to  HCl  and  HF 
vapors  and  to  what  degree,  and  whether  any  specificity  existed.  Of  all 
the  materials  tested  three  appeared  to  be  best  for  the  detection  of  HCl 
and  HF:  oleyl  amine,  oleyl  isonicotinate,  and  oleyl  nlcotinate. 

Our  tests  with  triphenyl  tin  chloride  as  a  detector  gave 
no  indication  of  reaction.  Since  the  compound  is  a  known  quantitative 
and  qualitative  detector  of  fluoride  ions,  this  was  surprising.  Other 
test  methods  should  be  tried. 

3.3  sEwsirmry  tests 

Exposure  of  certain  liquid  crystal  matrices  to  HCl  levels  of 
1-10  parts  per  million  (ppm)  was  known  to  produce  a  response.  In 
order  to  measure  the  sensitivity  accurately,  a  Mans  of  exposing  the 
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Table  3.2  -*  Matariala  Prepared  for  the  Detection  of  HCl  and  KF. 


Clwlilttryt  Isenlcotinali 
OtiyI  iMnlaliruli 
Oliyt  ni«atfn«l> 


-« — * —  •  * » - * — •- 

wwiiwyi  opnipfonpvif 

( fMl  conyMtly  purifMI 


Otiyil 

CMtftaryl  yaminobtnzod* 

CtMlMttry<  4*yyrMytac(ta(« 

<  Ml  eotnpMity  yurifMi 

CtMtoftaryl  y*«RlMph«ffyt  urborul* 


I  Ml  oornyMtly  purified! 

CholMttryl  3-l4-pyridyll  propyl  efher 
(Ml  CPWpMely  purifiedi 

N-cMMIeryt  enillM 
M-cMIwIeryf-fl-pfteftyirjyiJrMine 
OlcyloniM 


*  K  SlrooQ  rtjpofise  to  bolfi  HCl  end  HF- 
don  not  fpde  on  Milinq 

B.  SIronq  response  to  HCl  -  weak  response  to  HF 

C.  Strong  response  to  HCl  -  no  response  to  HF 
L  IVmIi  response  to  Doth  HCl  end  HF 

F.  We*  response  to  HCl  -  no  response  lo  HF 
C,  No  response  to  either  HCl  or  HF 


H.  Fuming 

I.  Response  fades  on  heating 

K.  Response  is  permanent  at  room  temperature 
L  Very  limited  solubility  in  liquid  crystal  matrix 

M.  Additive  too  volatile 

N.  limited  differentiation  by  appearance 

C.  Temporary  change  •  slowly  disappears  at  room 
temperature 


structure 

Phydical  Properly 

Results* 

I 

w-i 

m^w.i^-w.rc 

«  1 

\ 

Ip  in*/.  M  mm 

1 

AKN  1 

lp»l*/.07mm 

IKN  ! 

> 

\ 

IC  j 

! 

c^o-? 

bp  ncrio.  i  mm 

FO 

* 

mpZ3«-239»C 

L6  1 

6  ! 

! 

-O*, 

0  W-# 

mp22)*C 

«  1 

mp  166»-167.5*C 

c  ,  i 

' 

CzT^dsO-S-O-CH^CHjCH^ 

g 

Ve"”"' W"j  "W*' 

G 

WJ  "O 

mp  li»*-W(rC 

G 

mp  19g*-H9*C 

G 

C,^35-NH3 

bp  12P*/.  06  mm 

AN 
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Table  3*3  ”•  Additives  Tested  for  the  Detection  of  HCl  and  HF. 


NaiTM 

Structure 

Results 

Aniline 

M 

p-Nitroariline 

IC 

3,S-0initrMniline 

1 

}—■' 

NOj 

P'Phenylene  diamine 

El 

N.  N''Oimetnyt-p-phenylene  diamine 

nh-/^~Vnh 

■H 

N,  N*Oime(hyl-p-pheny(ene  diamine 

(CHj» 

INK 

N,  N-Oiethyl-p-phenylene  diamine 

'W 

2  y 

BHK 

m-Aminophenal 

F 

m-Aminobenzoic  acid 

co^ 

LG 

Pyrrolidine 

A 

AHI 

N-Aminoethyl  piperazine 

H-N^  IS! 

F 

Carbazole 

G 

Isonicotinic  acid 

1 

*  Sec  Table  3.  2  (or  (lofinitions 
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Table  3.3  ~  Cootinued 


Name 

Structure 

ResuHs*  ' 

IsonicoHnlc  Kkt  ftydraiid* 

N^^CONHNH^ 

trfomytniiek 

CHjO-^N-^-^OCHj 

1 

U*>  Tyrnitw 

NH^ 

* 

1 

^Otwnino  ap^tnyi  iulfk>«aa 

'  ■  AN .  . 1 

i 

p-DUwlnoaph«ny1  oiid*  ** 

.  1 

1 

\ 

p*AminoKa(aniUdt 

CHjCONH-^^NH^ 

LC  1 

1 

3, 4-0Uin)n<ibenzani  Iktc 

CONH-^^-NHj 

NHj 

) 

LC  ! 

j 

) 

•-MtttiytenzyhNmatTy  (amine 

CHj 

^^^CH-NICHjIj 

1 

EH  1 

! 

fttenytettMfWl  amine 

1 

! 

BHl 

•  ■; 
] 

Phenyl  ilhyl  elhanolamine 

V,  . 

El  i 

Trtoniylamine 

(©-'"4 

/ 

AN 

1, 5'Diaminonaphthalene 

W*n-IMyI  '3~  aminopropylamine 

NH 

NHj 

(n-C^H,)-NCH2CH2CH2NH2 

1 

^  1 

i 

AH 

Hexadicylamine 

CH,  CH-  -NH- 
)  a  ,5  c 

*  1 

j 

PyrMne 

e» 

i 

M  i 

1 

Piper  Mine 

(Ts^n-h 

\  J 

i 

AHl  ! 

1 

*  Set  Table  3. 2  lor  definitions 

aa  Dimethyl  acetamide  solvent  needed  lo  dissolve  these  materials  Into  mixture 

i 
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entire  lurfaee  uniformly  to  a  known  concentration  of  gas  for  a  pre¬ 
scribed  Interval  was  necessary.  This  method*  used  the  partial  pressure 
2 

data  for  aqueous  solutions  of  HCl.  It  was  found  that  pressures  of 
.00024  to  .0067  mm  HCl  could  be  obtained  from  4^  to  10^  aqueous  solu¬ 
tions  at  20*  -  25*C;  see  Figures  3.1,  3.2  and  3.3.  Since  the  partial 
pressure  of  a  gas  divided  by  the  total  atmospheric  pressure  yields 

directly  the  mole  fraction  present,  the  calculation  of  the  aaiount  of 

■a 

HCl  In  the  vapor  in  ppm  was  possible  . 

Variations  in  temperature  affected  this  partial  pressure; 
therefore,  the  mole  fraction  present  could  be  controlled  easily  by 
varying  either  the  temperature  or  concentration  of  the  solution,  al- 
thou^  during  specific  exposure  periods  both  had  to  be  held  constant. 

In  practice,  the  concentration  was  determined  accurately  and  the  tem¬ 
perature  was  measured  during  the  exposure  of  the  film.  From  these  data 
and  Interpolation  curves,  concentration  could  then  be  readily  determined 
The  equl|snent  used  for  the  detection  of  HCl  consisted  of  a 
desiccator,  thermometer,  volumetric  flasks,  burets,  standard  base 
solution  (O.^OON  NaOH),  and  miscellaneous  glassware  xiecessary  for  the 
liquid  crystal  handling  and  exposure.  The  apparatus  was  set  up  as 
Illustrated  In  Figure  3.4. 

Liquid  crystal  materials  were  prepared  which  consisted  of 
60  parts  (by  weight)  of  cholesteryl  nonanoate  and  40  parts  (by  wele^t) 
of  cholesteryl  oleyl  carbonate  to  which  4^  by  wel^t  (based  on  the  60/40 
mix)  of  various  detectors  were  added  to  make  the  detector  solutions. 

To  keep  the  cholesteryl  nonanoate-cholesteryl  oleyl  carbonate  ratio 
constant,  a  10  gram  batch  of  the  mixture  was  diluted  with  petroleum 
ether  to  100  ml,  then  10  ml  aliquots  were  transferred  to  each  of  seven 
30  ml  sasqile  bottles.  Each  bottle  then  contained  one  gram  of  the 

*RADC  suggested  this  method  of  obtaining  atmospheres  having  very  low 
contamination  levels  of  known  concentration. 


Temperature,  ®C 


Wgure  3»1  "•  Vapor  presaure  of  aqueous  aolutlon  of 

HCl  (l.6l4  N). 
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fmperature,  •€ 

sssure  of  ?.28^  aqueous  solution 
L.760  H). 


9 


Pressure  in  Torr 


60/l»0  Height  nixture  of  chol  isteryl  nonanoate-chole«teryl  oleyl 
carbonate.  Forty  mlUigrains  of  the  appropriate  detector  were  added, 
and  each  solution  was  then  stirred  to  give  3 >85^  by  solids  weight  uf 
detector.  These  solutions  are  nominally  referred  to  as  solutions. 

For  the  measurement  of  HCl  detection,  solutions  of  1.6l4  N 
(5*9$  by  weight),  1.760  N  (6.^  by  weight),  and  3.433  N  (12.5^  by  weight) 
HCl  were  made,  and  titrated  to  a  phenolphthalein  end  point  as  a  check. 
Before  exposure  the  appropriate  solution  w:.s  placed  in  the  desiccator, 
and  after  allowing  time  for  the  atmosphere  to  reach  equilibrium,  the 
top  of  the  desiccator  was  removed  carefully  to  insert  the  liquid  crystal 
film.  The  film  was  suspended  for  a  predetermined  time,  usually  1^ 
or  30  minutes,  and  then  removed.  The  temperature  vs  wavelength 
characteristics  of  this  film  were  measured  before  and  after  exposure 
(on  the  apparatus  described  in  Figure  3*4),  and  the  change  or  shift 
in  temperature  recorded.  Oleyl  amine,  oleyl  isonicotinate,  and  oleyl 
nlcotinate  detectors  were  used  (incorporating  them  in  the  60/40 
cholesteryl  nonanoate/cholesteryl  oleyl  carbonate  matrix)  and  tested 
as  described.  The  temperature  response  (in  degrees  Centigrade)  versus 
wavelength  of  reflected  light  (in  Angstroms)  was  plotted  for  each  of 
the  films  before  and  after  15  min  and/or  30  min  exxxjsures  to  1  and/or 
10  ppm  of  contaminant.  The  magnitude  of  shift  in  color  temperature 
with  concentration  of  contaminant  is  a  measure  of  the  sensitivity. 

For  the  HF  solutions,  vapor  pressure  data  similar  to  that 

available  for  HCl  solutiems  were  scarce.  Since  the  solutions  of  HCl 

which  gave  1  to  10  ppm  of  HCl  in  the  vapor  above  the  solution  could  be 
2 

determined  easily  ,  it  was  decided  to  use  this  same  technique  for  the 
approximation  of  partial  pressures  of  HF  gas  above  aqueous  solutions 
of  HF.  From  a  qualitative  and  semiquantitative  work  (the  hypodermic 
syringe  technique  of  dilution)  it  was  noted  that  comparable  dilution 
of  aqueous  HCl  and  HF  vapors  gave  very  similar  results  with  oleyl 
amine  as  the  detector  in  a  liquid  crystal  matrix  of  cholesteryl  oleyl 
carbonate  and  cholesteryl  nonanoate.  Therefore,  since  the  HF  molecule 
is  considerably  lighter  in  weight  than  the  HCl  molecule  (20.01  vs 
36.47),  the  HF  solutions  that  were  made  up  vary  from  1^  to  10^  by 
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weight  as  compared  tc  the  HCl  solutions  which  varied  from  (6^  to  12.5^). 
In  this  manner,  aqueous  solutions  of  HF  were  prepared  which  provided 
approximately  1  to  10  ppm  of  HF  in  the  vapor  above  the  solution  based 

2 

on  the  aqueous  HCl  solution-vapor  pressure  data  obtainable  from  tables  . 

It  will  be  noted  that  some  of  the  detecting  materials  which 
react  with  HCl  and  HF  vapors  may  also  react  with  the  oxides  of  nitrogen. 
Fortunately  the  effects  are  opposite;  that  is,  the  effect  of  oxides 
of  nitrogen  is  to  depress  the  temperature  range  of  the  liquid  crystal 
film  %rhile  the  effect  of  the  halogen  acids  is  to  raise  it. 

When  performing  sensitivity  measurements,  care  was  taken  not 
to  use  chloroform  as  part  of  the  liquid  crystal-detector  solvent  system. 
It  is  known  that  chloroform  is  light  sensitive  and  one  of  the  products 
of  degradation  is  HCl  which  would  Interfere  with  the  test. 

In  performing  the  actual  sensitivity  measurements,  tempera¬ 
ture  vs  wavelength  tests  were  first  made  using  the  oleyl  amine  "doped" 
liquid  crystal  system  to  determine  the  film  to  film  variation.  Results 
showed  that  each  individual  film  had  tc  be  treated  individually.  All 
the  data  were  normalized  to  account  for  changes  during  preparation, 
or  variations  of  trace  amounts  of  contaminar.ts  in  the  atmosphere  at 
the  different  times  that  the  films  were  cast.  Once  made,  however,  the 
films  fluctuate  very  little  while  maintaining  their  sensitivity  to 
trace  contaminants. 

Of  all  the  materials  tested,  the  oleyl  amine  proved  to  be 
the  most  sensitive  detector.  A  solution  of  oleyl  amine  in  the  6o/l^ 
cholesteryl  nonanoate-cholesteryl  oleyl  carbonate  produced  a  twelve 
degree  rise  in  the  operating  temperature  of  the  liquid  crystal  matrix 
after  having  been  exposed  for  15  minutes  to  b  ppm.  Another  film  was 
exposed  to  1  ppm  for  15  minutes  and  it  showed  chanpies  of  approximately 
a  degree  in  the  same  direction  (refer  to  Table  and  Figure  3-5)- 
These  results  correspond  to  a  sensitivity  of  roughly  1  to  1.5"C/ppm. 

A  sample  left  lb  hours  in  an  unsealed  plastic  container  exhibited  a 
color  transition  temperature  shift  of  only  0.3  degree. 


Table  3***  —  Tenqperature  Shift  (*C)  of  4^  Oleyl  Amine  in  60/UO  Chole8t« 
Nooanoate/Cholesteryl  Oleyl  Carbonate  Exposed  to  HCl  | 


Wave¬ 

length 

Un¬ 

exposed 

temp. 

Un¬ 

exposed 

(aged 

15  min, 

16  hr. 

15  min,i 

Color 

CO 

18  hr) 

0»9  ppm 

8  ppm  ' 

i 

UV 

3888 

30.81 

+  .29 

+  .76 

+4.2 

+12.1  1 

i 

Blue 

4471 

28.83 

+.46 

+  .83 

-- 

1 

i 

Green 

5015 

28.20 

—  . 

M  m 

1 

i 

7ellow 

5875 

27.68 

+  .51 

+1.00 

+4.7 

+12.0  ! 

) 

UcA 

6560 

27.29 

+.59 

+1.10 

-- 

+12.1  ) 

\ 

J 

I 


Table  3.5  -  Temperature  Shift  (“C)  of  H  Oleyl  Amine  in  6o/4o  Cholestel 
Nonanoate/Cholesteryl  Oleyl  Carbonate  Exposed  15  Min  to  HF 
Water 


Color 

Wave¬ 

length 

(A) 

UV 

3888 

Blue 

4471 

Green 

5015 

Yellow 

5875 

Red 

6560 

Un¬ 

exposed 

temp. 


30.81 

28.83 

28.20 

27.68 


27.29 


1  vt.%  HF 


+2.14 

+1.58 


+1.70 

+1.73 


10  wt.^6  HF 


+13.4 

+13.5 


+13.5 

+13.4 

+13.4 
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Referring  to  Table  3*5  e^<i  Kgure  3*6,  the  detection  of  HF  | 
with  4^  oleyl  ealne,  exceptional  fen8i|tlvlty  was  noted.  After  15  j 

■Inute  expoeiire  to  10^  KF  the  color  temperature  of  the  film  was  raised  j 
approximately  13 >5*0,  irtiile  the  color  temperature  rise  noted  for  1^  1 

HF  wae  about  1.5-2*C.  | 

In  the  screening  tests,  oleyl  nlcotlnate  appeared  to  be  a  j 

I  ■  i 

very  sensitive  detector,  i.e.,  exposure  to  either  HCl  or  HP  seemed  to  : 
produce  a  large  shift  in  the  operatlngj  temperature.  When  tested  under  ! 
controlled  conditions,  however,  the  effect  on  films  containing  oleyl  j 
nlcotlnate  did  not  exceed  a  0.5*C  shifb.  Referring  to  Table  3.6,  there  | 
is  very  little  change  noted  between  15  minute  exposures  to  1  ppm  or  ] 
8  ppm  or  vapor.  In  the  case  of  HF  (Tsdjle  3*7)  an  anomaly  can  be  ■ 
seen.  The  oleyl  nlcotlnate  reacted  with  HF  in  a  manner  such  that  a  | 

greater  shift  in  transition  temperature  is  noted  with  an  exposure  of  | 

15  minutes  to  1^  HF  than  a  15  silnute  exposure  to  10^  HF.  In  both  i 

instances,  however,  the  shift  is  rather  small  so  it  may  mean  that  in  > 

both  cases  the  detector  had  become  saturated.  | 

Table  3.8  shows  the  results  of  testing  HCl  with  oleyl  j 

isonlcotinate  as  the  detector.  When  a  film  is  exposed  to  1  ppm  HCl 
vapor  for  15  minutes,  a  lowering  of  the  operating  ten^rature  results; 
however,  if  a  similar  film  is  exposed  to  8  ppm  for  15  minutes  the  color  ! 

i 

tes^rature^  is  raised.  When  the  same  material  was  exposed  to  HF,  | 

unusual  resists  were  obtained  as  shown  in  Table  3 •9*  The  tempera¬ 
ture  shift  in  the  U.V.  was  negative  for  1  ppm  concentrations  but 

positive  for  8  ppm.  The  tesperature  shift  in  the  yellow  and  red  was 

:  / 

positive  after  15  minutes  exposure,  but  negative  after  30  minutes. 

With  8  ppm  and  17  niinutes  exposiu^  the  temperature  shift  was  positive 

for  all  wave  lengths. 

] 

3.4  COHCUJSIOHS 

This  study  has  conclusively  shown  that  a  selective  test  for 
the  detection  of  HCl  and  HF  at  1  ppm  is  possible.  Quantitative 
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Table  3*6  -  Detection  of  HCl  with  NorBalized  Oleyl  Nicotinate  in 
60/lf0  Choleateryl  Nonanoate/Choleateryl  Oleyl  Carbonate 

Change  in  teap.  (*C) 


Color 

Reflected 

X(A) 

Tesperature 
Unerposed  (*C) 

After  15  adn, 
0.9  PPB 

After  15 
8  ppm 

UV 

38a8 

28.39 

•f.24 

■♦■.02 

Blue 

UbTl 

26.10 

•►.17 

- 

Green 

5015 

25.25 

♦  .IB 

- 

Yellow 

5875 

24. b6 

•*■.20 

4.44 

Red 

6560 

24.02 

•*•.15 

■►.49 

Table  3«7  ~  Detection  of  HP  with  bit  Nomalized  Oleyl  Nicotinate  in 
60/b0  Choleateryl  Noi  anoate/Choleateryl  Oleyl  Carbonatt^ 


Change  in  tesp.  (*C) 

Color 

Reflected 

XiAi 

Tesperature 
IMexposed  (‘C) 

After  15  Bin, 

1  wt.  it 

After  15  Bin 
10  wt.  i 

UV 

3888 

28.39 

+.24 

■f.20 

Blue 

4471 

26.10 

+.17 

Green 

5015 

25.25 

- 

Yellow 

5875 

24.46 

■►.34 

■4.24 

Red 

6560 

24.02 

■*>.20 
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Table  3»8  -  Detection  of  HCl  with  Oleyl  Isonlcotinate  in  60/40 
Cholesteryl  Honanoate/Cholestcryi  Oleyl  Carbonate 


Change  In  Temp 


Color 

Temperature, 

(15  min  exposure) 

Reflected 

Unexnose d 

0.9  ppm 

Lbes 

UV 

3888 

29.96°C 

-.13®C 

♦.15°C 

Blue 

4471 

27.81 

-.17 

+.19 

Green 

5015 

27.00 

-.12 

Yellow 

5875 

26.29 

-.12 

■|■.03 

Red 

6560 

25.90 

-.15 

4>.00 

Table  3*9  ■"  Detection  of  HF  with  Oleyl  Isonlcotinate  in  60/40 
Cholesteryl  Nonanoate/Cholesteryl  Oleyl  Carbonate 

Change  in  Temperature 


Color 

Reflected 

Temperature, 

Unexposed* 

15  min 
yf>  by  Wt 
g”>) 

30  min 

1$  by  Wt 

17  min 
lOjt  by  Wt 

liJESl 

UV 

3888 

29.98®C 

-.05®C 

-.24®C 

♦.218®C 

Blue 

4471 

27.81 

- 

-.12 

+.17 

Green 

5015 

27.00 

- 

-.17 

Yellow 

5875 

26.29 

+.07 

-.15 

♦  .24 

Red 

6560 

25.90 

♦  .07 

-.17 

♦.24 

i 

■i 

i 

V 


*After  normalization 
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r«tultc  have  been  shown  for  gas  concentrations  between  1  and  10  ppm. 
Sttccess  in  separate  identification  of  HCl  or  HF  was  not  obtained.  | 

From  our  studies  it  appears  doubtful  that  a  single  liquid  crystal  test 
can  be  SHide  for  the  separation  of  HCl  and  HF  based  on  acld>base  strengt^ 
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k.  DETECTION  07  TRACE  NITROGEN  OXIDES 
4.1  INTRODUCTION  AND  THEORY 

A  Uteratxire  survey  vas  made  to  find  possible  chemical  inter¬ 
actions  between  organic  compoxmds  and  the  five  oxides  of  nitrogen,  i.e., 
nitrous  oxide  (NgO),  nitric  oxide  (NO),  nitrogen  trioxide  (>2^3)*  nitro¬ 
gen  pentoxide  (N20^),  and  nitrogen  dioxide  or  tetroxide  [2(N02)  or  N20|^]. 
The  purpose  was  to  find  reactions  which  would  occ\xr  rapidly  between 
the  oxides  and  chemical  compounds.  This  type  of  reaction  would  dis¬ 
turb  the  geometric  arrangement  of  the  liquid  crystal  containing  various 
concentrations  of  this  ccopound  and,  therefore,  cause  a  visible,  per¬ 
manent  change  of  color  or  other  perceivable  physical  change. 

No  evidence  was  found  that  NgO,  nitrous  oxide,  reacts  with 
any  conq)ound  at  room  tenperatxure  or  at  relatively  low  teaq>eratures 
(1,2).  However,  several  papers  and  reviews  (3«4,5,6,7«8,9»10)  deal 
with  the  effect  of  N20|^  and  of  other  oxidizing  agents  on  various  types 
of  organic  coapoxuids,  mainly  unsaturated.  ^ 

Sane  of  tne  literature  (ll)  indicates  that  oxides  of  nitrogen 
undergo  many  reactions  in  the  atmosphere,  for  example  with  oxygen  or 
with  moisture .  Almost  Instantaneous  equilibrium  is  claimed  for  the 
reaction 

but,  at  concentrations  of  the  order  of  fractions  of  part  per  million, 
the  equilibrium  actually  lies  far  to  the  left.  In  general,  the  dis¬ 
tribution  of  the  various  nitrogen  oxides  in  air  is  said  to  be  a  function 
of  their  respective  concentrations,  with  nitrogen  oxide  in  either  form 
being  one  of  the  most  important,  together  with  nitric  acid.  These 
statements,  of  course,  must  be  taken  in  the  light  of  the  fact  that  the 
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distribution*  and  equilibriua  mentioned  in  this  paper  are  part  of  a  ; 

I 

study  of  nitrogen  oxides  in  a  particularly  contaadnated  atmosphere,  j 

•  i 

and  may  not  always  hold.  In  any  ease,  this  Investigation  was  focused  ^ 
upon  nitrogen  dioxide,  although  some  data  on  nitric  acid  also  appear  ! 
^  the  report.  | 

Rlebaooer  (3)  made  an  extensive  survey  of  the  reactions  of 
with  organic  eocqpounds.  A  very  large  nuinber  of  chemical  coapoundl 
were  nitrated  by  ^th  interesting  results.  For  exazqple,  | 

sosM  organosMtallle  ccagpounds  react  vigorously  giving  the  corres-  ! 


p«!idlng  dlasonium  nitrates  HI  a  UK)..  | 

■3  1 

Aromatic  hydrocarbons  can  be  nitrated  rapidly  with  usin^ 

£  H  j 

AlCl^  as  a  catalyst.  In  general,  double  bonds  are  saturated,  and  in 
one  ease  maleic  acid  (els)  was  transfonned  into  its  gecmetric  isomer,  j 
fumarlc  acid  (trans)  (lO).  Riebsomer  found  that  is  not  a  better! 
nitrating  agent  than  HliO^,  but  that  it  is  useful  under  certain  clrcum-  j 
in  «ldltion.  to  cenpoond.  oontalnln*  doobl.  tond.  „d 
oxidizing  agent.  I 

Porter  and  Hood  (6)  examined  the  reactions  of  olefins  with 
^2%  ^  order  to  characterize  them  and  to  determine  the  position  of 
the  double  bond.  Dec-l-ene  and  2>ethylbut-l>ene  (ten  and  four  chain  cS 

I 

atoms  respectively,  terminal  double  bond)  add  the  tetroxlde  to  give  | 
1,2-addltion,  e.g.,  i 


ttg-C 


*e\ 


>  K,-C 

C  I 


-CHgllOg  +  Btg-C-CHg-NOg 


■pOj. 

CH2-(CH2).^CH  -  CHg  -^>  CH^-CCHg).^  CH— CHgliOg  CH2-(CH2)^-CH-CH2-ll| 

HO^  OnO  ; 

] 

The  nitrite  groups  (>01f0)  so  obtained  can  be  partially  hydrolyzed,  and  : 
the  nitro  groups  (-RO^)  can  be  reduced  to  the  corresponding  amine  by 
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.  .1  III 


common  procedures.  This  type  of  reaction  may  be  useful  for  the  detec¬ 
tion  of  nitrogen  tetroxide.  However,  it  is  cliiimed  that  the  greater 
the  molecular  weight  of  the  unsaturated  olefin  with  terminal  double 
bond,  the  less  rapid  the  reaction  with  NgOj^. 

S.V.  Vasll'ev  (7)  studied  the  effect  of  HgOj^  on  undecylenic 
acid  in  ether  solutions.  He  found  that  under  the  action  of  either 
gaseous  or  liquid  nitrogen  tetroxide,  undecylenic  acid  first  gives  a 
nitrosite,  which  then  changes  into  crystalline  nitroxyundecylenic  acid; 


NpO. 

CH  (CH2)q  COOH 


CH2-OT(CH2)gC00H  — >  <^OT  (CH2)gC00H 


The  crystalline  nitroxyundecylenic  acid  (m.p.  121-122*C)  precipitates 
out,  thus  nroviding  a  drastic  change  in  the  chemical  system  Involved. 

In  another  paper  S.V.  Vasll'ev  (8)  investigates  the  effect 
of  erucic  acid  CH2(CH2).^H-CH(CH2)j^C00H.  Here  the  final 

product  was  the  crystalline  nitroacybehenlc  acid  (behenic  acid  being 
the  C22  saturated  fatty  acid): 


CH2(CH2)yOT-OT  -(CH2)jj^C00H,  m.p.  121-123*C. 


OH  NO, 


<  I 

Under  the  conditions  employed  by  the  author,  no  double  bond  shift  was 
observed,  but  only  addition  followed  by  partial  hydroxylation. 

While  oxides  of  nitrogen  have  been  used  for  a  long  time  to 
isomerize  fatty  acids,  little  is  known  about  the  efficiency  of  each 
oxide.  H.A.  Kahn  (l)  Investi^rated  the  effect  of  MD  and  >2^ 
methyl  ole ate  and  methyl  linolenate,  and  followed  the  change  of  the 
double  bond  (isolated  trans  double  bond  >  10.32u}  and  the  appearance 
of  nitrogen  derivatives  (6.11  and  6.1f4u}  by  means  of  IR  and  UV  analysis. 
He  found  that  ^2^4  oxide  which  brought  about  both  nitra¬ 

tion  and  isomerization,  generally  accompanied  by  an  exotherm,  which 
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vac  high  enou^  to  polywrize  aetbyl  llnolenate.  Neither  of  the  other 
OKldec  eauced  icoaerlzaticn.  The  author  propoaec  a  mechanlsa  for  the 

4 

eonvercioQ  of  elc-  to  trans-  nodifieatlunc  of  the  uncaturated  higher 
fatty  acid  eaters  by 

Both  the  laonerlc  change  and  polymerization  caused  by  the 
exothemle  reaction  between  N^Oj^  and  the  llnolenate  ester  may  be  of 
use  In  the  detection  of  N^Oj^.  A  i>aper  by  X.  Fuse  and  B.  Taisamushi  (9) 
describes  the  conversion  of  oleic  acid  to  elaldlc  acid  by  the  action  oi 
oxides  of  nitrogen.  They  clala  almost  coiq>lete  conversion  on  allowing 
oleic  acid  to  absorb  N^Oj^  for  3  and  4  minutes  at  20*C.  However,  the 
authors  made  no  attesq^it  either  to  differentiate  between  the  various 
oxides  of  nitrogen  (which  they  obtained  by  the  action  of  cone.  HlfO^  on 
copper)  or  to  analyze  the  reaction  products.  They  assumed  that  the 
amount  of  oxides  needed  to  catalyze  the  conversion  of  oleic  acid  into 
elaldlc  acid  Is  approximately  l/lO  of  that  needed  for  the  addition 
reaction. 

The  question  of  whether  one  is  dealing  with  NO2  or  N20j^f 
depending  on  the  gas  pressure  and  on  its  concentration  in  air,  was  not 
resolved.  Attespts  to  have  the  commercial  nitrogen  dioxide  used  in 
this  work  analyzed  by  mass-spectrometric  methods  gave  inconclusive 
results.  Thus  one  is  obliged  to  deal  with  the  nitrogen  oxlle  in 
questi«i  as  "nitrogen  dioxide",  keeping  in  Blind  that  probably  the  used 
nitrogen  dioxide  is  aiostly  N02> 

4.2  SCRESriNG  TESTS 

Confronted  with  a  multitude  of  confounds  containing  unsatura¬ 
tion  idiich  might  react  with  the  oxides  of  nitrogen,  several  were 
chosen  for  screening  tests,  mainly  on  the  basis  of  literature  reference 
and  of  previous  experience  in  other  cbefliical  fields.  They  were  either 
added  to  a  cemiBon  matrix  or  were  reacted  into  a  matrix  to  obtain  a 
presumably  store  hoatogeneous  reactive  confound.  See  legend  for  Figures 
4.1  and  4.2. 
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^^.2.1  Methcxls  and  Apparatus 

The  liquid  crystal  materials  were  each  dissolved  in  a  solvent 
consisting  of  3  parts  petroleum  ether  and  1  part  chloroform.  A  solids 
content  of  10  or  15^6  was  found  to  give  the  desired  thickness  (20  to  2^). 
Screening  tests  were  conducted  using  brass  hoops  (U. 25  inch  in  diameter) 
covered  with  thin  blackened  mylar  sheeting,  on  which  the  detecting  liquid 
crystal  solution  to  be  examined  was  spread  thirily  and  from  which  the 
solvent  was  allowed  to  evaporate  slowly  at  room  temperature.  The  test 
set-up  consisted  of  a  thermoelectric  element  blocx  with  attendant 
electronic  auxiliaries;  this  element,  whose  testing  metal  surface  was 
about  1.5  t  1.5  inches,  was  placed  over  a  large  copper  block  wlilch 
acted  as  a  heat  sink,  and  the  whole  was  immersed  in  water.  The  hoop 
to  be  tested  was  placed  on  the  thermoelectric  metal  block  (into  which 
a  thermometer  had  been  inserted).  A  glass  pane  was  placed  on  the  hcop 
over  the  spread-out  liquid  crystal  to  avoid  temperature-vitiating  air 
currents  and  to  contain  the  contaminant  gas.  The  temperature  of  the 
thermoelectric  block  in  contact  with  the  n^lar  sustaining  the  liquid 
crystal  was  Increased  or  decreased  as  desired,  usually  at  a  rate  of 
1.5*C  per  minute,  while  color  changes  or  shifts  were  noted  as  they 
occurred  as  a  function  of  the  temperature.  Exposure  of  the  sample  to 
the  gas  was  attained  either  by  directing  the  gas  flow  rl^t  onto  the 
liquid  crystal  for  undiluted  exposure,  or  by  removing  a  sample  of  the 
gas  from  the  tank  with  a  calibrated  syringe,  and  then  by  diluting  this 
quantity  repeatedly  with  a  known  amount  of  air  to  obtain  approximately 
the  dilution  desired.  Subsequently  a  known  amount  of  this  diluted  gas 
was  injected  under  the  glass  plate  lying  on  the  liquid  crystal  hoop 
and  was  allowed  to  react  with  the  crystal  for  a  predetermined  length 
of  time. 

'  In  general,  temperature -color  shift  readings  were  taken 

before  and  after  exposure.  Note  was  taken  not  only  of  the  tei^wra- 
tures  at  which  color  appeared  autd  disappeared,  but  also  of 
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the  behavior  of  the  cryatal.  A  way  to  plot  or  record  the  recults 

obtained  Is  shown  by  Figures  4.1  and  4.2  where  the  bargraphs  or  vet 

< 

lines  indicate  the  teaperature  range  covered  by  the  whole  color  shi 

i 

for  any  particular  aatrix  or  cooiblnation  of  gas  detectors  Investiga 
The  length  of  each  bar  is  an  indication  of  sharpness  of  the  detecti 
reaction,  that  is,  the  longer  the  bar  the  longer  the  time  during  wh 
a  cooplete  color  shift  takes  place.  All  the  experlisents  were  run  a 
least  in  dxiplicate  and  each  of  them  was  carried  uut  observing  the 
color  shift  both  with  rising  and  lowering  ten^ratures  which  reprod 

I 

themselves  with  0.3  degree  Centigrade.  Since  this  was  intended  to  I 
a  rough,  screening  type  of  testing,  this  accuracy  was  thought  suffi 

V 

1 

4.2.2  Materials  1 

On  the  basis  of  previous  considerations,  liquid  crystal 
detectors  for  nitrogen  dioxide  were  chosen  among  compounds  contalnii 
different  degrees  of  unsaturation.  The  technique  consisted  of  testi 
either  a  liquid  crystal  matrix  whose  Inherent  structure  contained 
unsaturatlon  or  one  to  which  unsaturated  compounds  were  added. 

The  detectors  examined  and  reported  in  Figure  4.1  are  give 
below.  All  ratios  and  percentages  are  by  wei^t. 

A.  60;40  ratio  of  cholesteryl  noniuioate  and  cholesteryl  oleyl 
carbonate  (one  double  bond  in  the  oleyl  portion) 

B.  40;40:20  ratio  of  nonylphenyl  carbonate,  cholesteryl  nonano 

and  cholesteryl  benzoate  (this  matrix  contained  no  unsaturs 
tion  outside  of  that  in  the  cholesteryl  and  phenyl  portions 
and  was  used  mainly  as  a  basic  matrix)  ! 

C.  Cholesteryl  clnnamate  (one  double  bond  in  the  cinnamate) 

D.  Cholesteryl  10  undecenoate  (one  double  bond  in  the  undecenoi 

E.  Matrix  A  plus  1^  oleic  acid  (one  double  bond  in  the  oleic 
fraction) 

F.  Matrix  B  plus  2^  triolein  (three  double  bonds,  a  glyceride) 

G.  Matrix  B  plus  2^  cinnamyl  alcohol  (one  double  bond  in  the 
alcohol  fraction) 
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H.  Matrix  B  plus  2^  methyl  oleate  (one  double  bond  in  oleate 
fraction) 

I.  Matrix  B  plus  2^  methyl  llnoleate  (2  double  bonds  in  lino* 
leate  fraction) 

J.  Matrix  B  plus  2^  methyl  Unolenate  (3  double  bonds  In  lino* 
lenate  fraction) 

K.  Matrix  B  plus  2^  trans-clnnamaldehyde  (one  double  bond  in 
clnnamaldehyde  fraction) 

It  must  be  noted  that  this  method  of  indicating  matrices  (by  themselves 
or  with  added  detecting  agents)  vlth  capital  letters  vas  used  throu|^* 
out  this  phase  of  the  vork.  Each  letter,  except  the  two  (A  and  B) 

Indicating  basic  matrices,  merely  tells  the  nature  of  the  detecting 
agent  added  onto  a  basic  matrix;  each  ixoportant  variation  In  concen¬ 
tration  Is  spelled  out  In  the  text. 

Test  hoops  coated  with  a  thin  layer  of  the  above  detectors 
were  treated  under  the  conditions  shown  In  the  legend  of  Figure  4.1, 
as  indicated  by  the  number  under  each  color  shift  line.  A  detecting 
matrix  was  considered  to  be  reactive  if  the  temperature  range  of  the 
color  shift  line  before  and  after  exposure  to  gas  contamlDation  was 
unequivalent. 

5 

) 

4.2.3  Results  | 

I 

Of  the  eleven  detecting  matrices  reported  In  Figure  4.1, 
the  following  gave  Indication  of  usefulness  In  detecting  nitrogen  | 

dioxide:  A  (60:40  cholesteryl  nonanoate  plus  cholesteryl  oleyl-  I 

carbOTate);  E  (matrix  k  *  1%  oleic  acid);  G  (ouitrix  B  plus  2^  cinnaiqrl  I 

alcohol);  I  (matrix  B  +  2)(  methyllinoleate);  and  K  (matrix  B  4-  2%  trans- 
clnnamaldehyde  ) .  I 

It  is  interesting  to  note  that  matrix  H,  with  2^  methyloleate 
(one  double  bond  in  the  oleate  fraction)  and  matrix  J,  with  2^  methyl  | 

Unolenate  (three  double  bonds  in  the  Unolenate  fraction)  did  not  I 

show  much  sign  of  reactivity  while  matrix  I  with  2%  methyl  llnoleate  | 

(two  double  bonds  In  the  llnoleate  fraction)  did  show  unmistakably  a 
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reaction  on  expoaure  to  nitrogen  dioxide.  A  poaclble  explanation 
be  that  one  double  bond  does  not  react  to  a  sufficient  degree  of  liqui 

crystal  perturbation,  vhlle  three  double  bonds  (as  found  in  very  reacf 

1 

drying  oils)  aay  be  responsible  for  a  such  too  drastic  diner izat Ion  or 

[ 

polynerlzatlon  reaction  idilch  might  linaoblllze  the  liquid  crystal  | 

structure.  On  the  other  hand,  in  the  case  of  reactive  matrix  A,  the  | 

unsaturated  oleic  portion  Is  an  integral  part  of  the  molecule  and  It  | 

appears  in  sufficient  concentration  to  yield  a  sensitive  reaction. 

,  ■  i 

It  Is  also  obvious  from  Figure  4.1  that  contaminant  concen>  , 

•  I 

tratlon  is  directly  responsible  for  the  degree  of  response  in  th^  read 
materials  and  that,  generally,  the  effect  of  the  reaction  between |nltzj 
dioxide  and  any  of  the  relatively  successful  detecting  matrices  idll  ; 
last  at  least  one  day  and  usually  three  days.  | 

The  matrices  containing  cinnamyl  alcohol  and  cinnamaldehyde  ; 
as  additives  seemed  to  offer  the  most  promising  results  as  shown  by  ttu 

i 

large  difference  in  color  shift  temperature  ranges  before  and  after  ! 
exposure .  I 

The  same  technique  for  testing  contazolnant  effect  on  detectix 
liquid  crystals  was  used  to  determine  whether  the  above  five  candidate! 

I 

were  selective  in  the  detection  of  nitrogen  dioxide.  Thus,  test  hoops 
were  spread  with  matrices  A,  E,  X,  G  and  I  as  described  previously, 

I  '  ,  ) 

and  I  were  subjected  to  the  effect  of  contaminant  HCl,  HP  and  UHMH  | 

(un  i^mmetrical  dimethyl  hydrazine)  as  follows:  '  | 

i  I  '  '  '■ 

In  the  case  of  HCl,  the  sample  was  exposed  to  concentrated 
HCl  gas  for  10  minutes  as  previously  described  for  nitrogen  dioxide. 

In  the  cases  of  HF  and  UIMH,  the  test  hoops  were  exposed  for  20 
minutes  to  undiluted  fumes  of  HF  and  UlMH.  The  temperature  bars  in 
Table  4.1,  where  the  reactivity  of  five  liquid  crystal  matrices  to 
nitrogen  dioxide,  hydrochloric  acid,  unsymmetrical  dimethylhydrazine 
and  hydrofluoric  acid  are  Indicated  in  a  semiquantitative  manner. 

The  contaminant  concentrations  in  all  cases  reported  in  Figure  4.2 
and  Table  4.1  are  considered  to  be  of  the  same  order  of  magnitude. 
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Table  4.1  -  Reactivity  of  Five  Liquid  Crystal  Matrices 
to  Four  Gases. 


Reactivity  to: 

Matrix  HCl  ULMH  H7 


A 

Strong 

None 

None 

Slight 

E 

Moderate 

None 

None 

None 

K 

Strong 

None 

None 

None 

G 

Strong 

Moderate 

None 

Slight 

I 

Moderate 

Slight 

None 

None 

Thus,  all  the  selected  nitrogen  dioxide  indicators,  except  perhaps 
the  one  containing  cinnaoyl  alcohol,  are  shewn  to  be  reasonably 
selective  toward  nitrogen  dioxide  gas. 


4.3  swsmviTy  tests 

The  work  and  the  preliminary  results  reported  above  provided 
us  with  a  workable  body  of  information  and  with  a  restricted  group  of 
selected  materials  on  which  to  obtain  more  quantitative  results.  In 
particular,  it  was  liqKsrtant  to  know  the  optimum  concentration  of 
detecting  agent  in  each  matrix,  the  shortest  time  of  exposure  of  the 
matrix  to  the  contaminant  gas  resulting  in  a  detectable  reai£tloo,  and 
the  lower  limit  of  contaminant  concentration  in  air  to  which  the 
detector  would  react  visibly.  To  achieve  these  alsu,  a  vol'jmetrlc 
system  was  assembled  that  would  mix  air  accurately  with  a  sasqple  of 
test  gas  at  concentrations  as  low  as  six  parts  per  million.  This  set 
up  is  described  in  Appendix  III. 


The  detecting  Baterl&le  tested  in  this  phase  of  the  invest!- | 

gation  were  the  five  detectors  selected  as  the  result  of  the  screening 

*  1 

work  reported  above ,  except  that  matrix  A  (60:40  cholesteryl  nonanoate , 

plus  cholesteryl  oleyl  carbonate)  replaced  matrix  B  (1*0:40:20  cholester 

nonyl  phenyl  carbonate  plus  cholesteryl  nonanoate  plus  cholesteryl  ( 

benzoate)  in  the  cases  where  a  detecting  agent  was  added  to  the  cholest 

base.  This  was  done  to  increase  the  temperature  sensitivity. 

Other  materials  tested  were  matrices  consisting  of,  again,  > 

1 

matrix  A  by  Itself,  to  which  were  added  separately  triolein,  methyl 

i 

llnolenate,  methyl  oleate,  methyl  linolenate  and  methyl  linoleate  ! 

coaiilned,  and  castor  oil.  In  addition,  cholesteryl  phenylhydrazlne 
was  tested  alone.  I 

I 

The  matrices  containing  cinnamyl  alcohol  and  cinnamaldehyde  ; 
had  previously  been  shown  to  be  very  reactive  to  nitrogen  dioxide  j 
attack  when  the  latter  was  allowed  to  occur  a  few  minutes  after  the 
pi'eparation  of  the  liquid  crystal  test  sas^les.  However,  because  of  ’ 
their  relatively  high  vapor  pressure  the  useful  life  of  these  detectors 
was  relatively  short. 

Consequently,  even  thou^  Figure  4.1  shows  that  the  effect 
of  nitrogen  dioxide  on  a  freshly  prepared  matrix  containing  cinnamyl 
alcohol  lasts  at  least  three  days,  the  high  vapor  pressure  of  the 
compound  and  its  companion,  cinnamaldehyde,  would  seem  to  preclude 
their  use  as  effective  detectors. 

Other  materials  which  were  tested  at  various  contaminant 
concentrations  and  found  inoperative  were  the  eosi±>inations  of  matrix  A 
with  triolein  and  with  castor  oil.  Cholesteryl  phenylhydrazlne  also 
proved  to  be  unreactlve,  at  least  under  the  conditions  employed  here. 

Thus,  in  this  continuing  process  of  screening  and  checking 
likely  candidates  for  the  detection  of  nitrogen  dioxide,  attention 
was  focused  on  the  following  four  materials:  , 

(a)  Matrix  A 

Freshly  prepared  Matrix  A  was  cast  over  test  hoops  and  tested 
in  the  "Tenperature  vs  Wavelength  Apparatus"  before  and  crfter  exposure 
to  1000  ppm  of  nitrogen  dioxide.  Figure  4.3  shows  the  rather  drastic 
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drop  In  color  shift  teap«rat\ire  caused  by  this  contamination.  It  should 
be  noted  here  that  in  cooqiaring  teoq;>erature  (T)  vs  wavelength  (X) 
curves,  one  should  bear  in  mind  that  the  really  lueful  portion  of  these 
curves  is  the  one  falling  in  the  visible  region,  that  is,  approximately 
in  the  range  between  4300  and  63OO  A,  where  most  of  the  curves  approach 
a  linear  form.  For  exao^le,  blue  color  appears  at  4471  A,  the  green 
color  at  5015  A,  the  yellow  color  at  5875  A  and  the  red  color  at  656O  A. 
For  visible  coe^arlson,  then,  cme  should  check  the  "before"  and  "after" 
ciurves  and  determine  at  what  temperature  a  certain  color  appears  in 
both  cases.  In  the  case  of  curve  1  in  Figure  4.3f  the  yellow  color 
was  visible  at  39 >4*0;  in  curve  2  this  temperature  corresponds  to  the 
ultra  violet  region. 

Although  Matrix  A  does  show  certain  possibilities  as  a 
detector,  subsequent  work  indicated  that  it  is  not  as  efficient  at 
low  contaminant  concentrations  as  other  detectors  described 
later. 

(b)  Methyl  Linoleate  Plus  Matrix  A 

Matrix  A,  plus  4^  by  weigiit  of  methyl  linoleate,  was  exposed 
for  13  min\rtes  to  a  contasdnant  concentration  of  6  ppm.  Figure  4.4 
gives  the  results.  This  exposure  indicates  a  snail  but  positive  reaction 
which  appeared  to  last  at  least  one  day.  The  relatively  small  teiq>era- 
txire  difference  between  curves  1  and  2  indicates  that  the  sensitivity 
range  of  this  may  be  too  narrow  for  easy  detection. 

(c)  Methyl  Linolenate  Plus  Matrix  A 

Figure  4.3  shows  the  effect  of  the  contaadnation  by  6  ;^pm  of 
nitrogen  dioxide  on  Matrix  A  plxis  k%  methyl  linolenate  as  a  function  of 
exposure  time.  This  material  is  such  more  sensitive  to  the  attack  of 
nitrogen  dioxide  traces  than  methyl  linoleate.  In  fact  even  when  the 
exposure  time  is  reduced  from  13  minutes  to  10  minutes,  the  color  shift 
tesq>eratiire  difference  between  uncontaminated  and  contaminated  seaqilea 
is  larger  than  that  occurring  in  the  ease  of  methyl  linoleate  at  13 
minutes'  exposure.  Here  then  we  find  that  the  presence  of  three 
double  bonds  in  the  addendum  deflxdtely  improves  the  reactivity  of 
the  liquid  crystal  detector. 
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Figure  U.4  —  Effect  of  15  minutes  exposure  of  Matrix  A  to 
6  ppsi  of  nitrogen  dioxide  *  methyl  llnoleate 
and  effect  of  24  hrs.  aging  on  exposed  sample. 
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^  (d)  blelc  Acid  Plu*  Matrix  A 

Figures  U.6,  4.7,  4.8,  and  4.9  were  introduced  to  show  the 
type  of  experiments  carried  out  to  determine  both  the  optimum  concen¬ 
tration  of  the  added  detector  (addendiun)  and  the  effect  of  decreasing  > 

contaminant  concentration  of  each  material  at  constant  exposure  time. 

These  figures  show  that  the  amount  of  color  shift  between  unexposed 
and  exposed  samples  decreases  as  the  NO^  concentration  decreases. 

Figure  4.6  also  shows  that  the  detector  reactivity  decreases  as  the 
addendum  concentration  increases,  at  a  contamination  level  of  1000 
ppm.  At  a  contamination  level  of  100  ppm  (Figure  4.7)  the  detector 
sensitivity  remains  approximately  the  same  no  matter  what  the  addendum 
concentration.  At  a  contamination  level  of  10  ppm  (Figure  4.6),  the 
reactivity  seems  to  be  inversely  proportional  to  the  addendum  concen¬ 
tration.  With  a  contamination  level  of  6  ppm  (Figure  4.9)>  the  results 
with  l^t  oleic  acid  plus  Matrix  A  are  unexpected  and  perhaps  atypical; 
however,  again  the  hipest  addendum  concentration  results  in  the  lowest 
reactivity.  It  will  be  noticed  also  that  in  all  cases  the  greater 
the  detecting  addendum  concentration,  the  "cooler"  is  the  detecting 
materials.  An  addendum  (oleic  acid)  concentration  of  3^  by  weiifit  was 
then  chosen  to  investigate  the  min  am#  exposure  time  necessary  to 
obtain  a  visible  reaction.  Figure  4.10  shows  the  effect  of  different 
exposure  times  of  6  ppm  of  nitrogen  dioxide  on  a  matrix  consisting  of 
3%  oleic  acid  in  Matrix  A.  With  tMs  materiail, 
minutes  to  6  ppm  of  nitrogen  dioxide  seems  to  be 
a  visible  reaiction. 

4.4  CORCLUSIOirS 

The  aim  of  this  phase  of  the  reactive  materials  investlgati(«t 
was  that  of  finding  liquid  crystal-type  materials  which  could  reliably 
detect  very  small  quantities  of  nitrogen  oxides,  of  the  order  of  1-10 
ppm.  As  explained  in  Sec.  4.1,  all  the  work  was  done  with  nitrogen 
dioxids,  since  no  success  was  had  in  finding  reactions  with  N^O  that 


aiij  exposure  of  13 
|iece>’  sary  to  obtain 
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Figure  4.7  -  Effect  of  15  minutes  escposure  of  100  ppm  of 
nitrogen  oxide  on  Matrix  A  plus  different 
concentrations  of  oleic  acid. 
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figure  4.8  -  Effect  of  15  minutes  contamination  by  10  ppm  of  nitrogen  dioxide 
on  Matrix  A  added  vltb  different  concentrations  of  oleic  acid. 


1.  6(y40>lt  Oleic  Acid 

2.  SameJS  min.  Exposure 

3.  6(y40t3  Oleic  Acid 

A  Same.15  min.  Exposure 

5.  6(y«  ^  Oleic  Acid 

6.  Same, 13  min.  Exposure 


60/40  ^  3%  0)eic  Acid 
Same. 5  min.  Exposure 
Same,  10  mir.  Exposure 
Same,  15  min.  Exposure 
(6  ppm  contamination) 


Ktxn 


Figure  U.ld  - 


Wavelength  ( A) 


Effect  of  exposure  time  of  Matrix  A  with  ji  concentration 
of  oleic  acid  -xposed  to  6  ppm  of  nitrogen  dioxide. 


fell  into  the  tesq^erature  range  and  conditions  desired,  and  since  the 
other  oxides  of  nitrogen  quickly  revert  to  nitrogen  dioxide  when  exposed 
to  the  atmosphere.  Of  the  several  materials  investigated,  and  of 
the  resulting  likely  candidates,  two  emerge  as  being  relatively  reliable 

e^id  selective:  Matrix  A  (60:40  cholesteryl  nonanoate  plus  cholesteryl 

% 

oleyl  carbonate)  -f  3^  oleic  acid  and  Matrix  A  -e  4^  methyl  llnolenate. 
Exposure  times  of  a  minimum  of  13  minutes  for  the  former  and  of  10 
minutes  for  the  latter  are  suggested;  sensitivity  to  6  ppm  of  gas 
contaminant  was  demonstrated  for  both.  Matrix  A  by  Itself  might 
sdso  be  a  good  detector,  and  this  possibility  to  be  investigated. 

The  two  final  detectors  above  and  especially  the  one  involving  methyl 
llnolenate,  which  is  the  more  sensitive  of  the  two  by  a  small  margin, 
provide  detecting  systems  tdiich  are  easily  separated  by  attainable 
teoperatures  and  which  are  activated  reasonably  quickly. 

One  must,  however,  bear  in  mind  that  the  detecting  system 
containing  mthyl  linolenate  was  not  tested  for  sensitivity  to  HCl,  HF 
and  UIMH,  so  that  this  system  may  not  be  selective.  On  the  other  hand, 
previous  work  with  the  very  similar  stethyl  linoleate  did  show  selectivity 
for  nitrogen  dioxide,  and  therefore  the  methyl  llnolenate  system  mi^t 
well  be  selective  also. 
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3.  CETBCTIOR  OF  TRACE  HYDRAZINE  AND  UDMH 
5 . 1  INTRODUCTION  AND  THEORY 

For  the  detection  and  Identification  of  hydrazine  and  Ita 
Biethyl  derivatives  aix  different  reaction  ayatema  were  investigated. 

These  aysteaa  involved  the  reaction  of  hydrazines  with 

0 

II 

a)  chlorof ornate a  (R-O-C-Cl) 

0 

n 

b)  acyl  or  aryl  chlorides  (R-C-Cl) 


e)  the  nateriala  of  (a)  or  (b)  in  conjunction  with  a 
proton  acceptor  (e.g.,  pyridine) 


d)  the  materials  of  (a)  or  (b)  in  conjunction  with  an 
alcohol  (R-OH)  with  the  ^drazine  functioning  as  a 
proton  acceptor 


e)  ^diketones  or  0-ketoesters  to  produce  pyrazole-type 
ring  structures  depending  upon  the  degree  of  subati- 
tution  of  the  hydraizine 


f)  reactive  alJylie>type  halogen  coa^ounda  alone  or  in 
conjunction  with  an  cuLcohol. 

In  systems  a)  and  b)  the  over-all  reactions  are  similar  and 
can  be  formulated  as  follows  (using  hydrazine  as  the  exasiple).  These 
reactions  are  nucleoph.lic  in  nature 


r>  o: 
^11 
R-C  ■ 


Cl 


I 

R-C  -♦  Cl 

(ft*) 


(1) 
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:d:  <»■> 

I 

R-c  -♦  Cl  +  :nhnh. 

(6*)  H 


r  :0‘  n 

( 

R-C  -»  Cl 

(+)i^2 

H 


(2) 


R-C  — Cl 


(+)NHNH. 

•  4  ^ 

H 


”  (-) 

:o;'  ' 

I 

- R-C  - Cl  + 


•  •  C 


(3) 


(-) 


o; 


>  R-C  -»•  :ci 


NHNH. 


(*♦) 


HHgRHg  ♦  H  +  Cl 


f"  1* 

->  NHgNHgl 


Cl 


(5) 


and  may  be  considered  to  be  initiated  by  the  attack  of  a  pair  of  electrons 
(on  the  nitrogen  atoms)  upcn  the  carbon  atom  of  the  activated  carbonyl 
group.  Thus,  step  (l)  is  the  normal  activation  of  a  carbonyl  group 
arising  from  the  greater  electronegativity  of  the  carbonyl  oxygen  atom 
as  compared  to  the  carbonyl  carbon  atom.  The  partial  positive  charge 
(8'*’)  on  the  carbon  atom  becomes  somewhat  enhanced  due  to  the  inductive 
effect  (electron  withdrawal)  of  the  chlorine  atan.  In  step  (2)  the 
nucleophillic  nitrogen  atom  attacks  the  positive  center  of  the  acti¬ 
vated  acyl  halide  molecule  to  produce  the  so  called  "transitioa  state." 
This  "transition  state"  may  stabilize  itself  by  the  two  step  pro¬ 
cess  illustrated  in  (3)  and  (4).  The  order  of  steps  is  probably  as 
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■hoim  since  the  driving  force  can  be  thought  of  as  the  abstraction  of 
the  proton  (H  }  by  a  second  molecule  of  the  nucleophilic  hydrazine 
molecule  ($). 

The  third  reaction  system,  (c).  Investigated  is  similar  to  the 
series  of  reactions  formulated  for  (a)  and  (b).  The  difference  Is  the 
presence  of  a  proton  acceptor,  other  than  hydrazine  or  its  methyl  deriv* 
atives,  which  is  used  as  an  additive  to  the  liquid  crystal  utrlz.  Etf 
the  use  of  an  acceptor  such  as  pyridine  there  is  obtained  a  more  reactive 
system,  more  reactive  than  systems  (a)  and  (b)  since  the  detecting 
media  exists  in  the  matrix  In  a  reactive  state.  This  reactive  state  Is 
a  transition-type  state  which  can  be  stabilized  by  rvsociance  (6): 


Such  systems  have  often  been  used  for  introducing  acyl  groups  Into  other 
Biolecules.  Systems  such  as  these  should  be  very  sensitive  to  water  or 
moisture  In  the  atmosphere,  more  so  than  systems  (a)  or  (b). 

The  fourth  reaction  system  studied,  (d).  Involved  the  reaction 
of  chloroformates  (or  acyl  or  aryl  halides)  with  an  eilcohol  when  catalyned 
by  the  presence  of  hydrazine  or  its  methyl  derivatives  acting  as  an  acti¬ 
vator  and  proton  acceptor.  The  overall  react loos  may  be  written  as: 

0  0 
//  "H^HH  {| 

RC  -Cl  +  R’OH  — R-C-OR  +  (RHgRH^]  Cl  (7) 

The  esterification  reaction  shown  In  (7)  Is  a  very  useful  tool  In 
synthetic  organic  chemistry.  Usually,  however,  a  tertiary  sadne 
(e.g.,  pyridine)  is  used  as  the  activator  instead  of  primary  or  secondary 
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^  **■ 


aadD's.  This  is  obvious  since  pristary  and  secondary  atalnes  can  react 
with  acyl  halides  to  form  amides  (l-^)  which  will  contaa^ate  the 
desired  esterified  product. 

The  fifth  reaction  studied  involved  the  interaction  of  hydra- 
sines  with  either  0-dlketones  (8)  or  ^-hetoesters  (9): 


(8) 


0  0 

il  il 

R-C-CHg-C-R' 


0  0 

li  II 

R-C-CHgC-OR’ 


This  method  had  the  advantag*!  that  it  shoula  be  able  to  differentiate 


and  uns>'ninetrically 


T 

between  hydrazine,  symnetrically  substituted  hydrazines, 
substituted  hydrazines. 

Both  the  f>-diketone  and  the  B-ketoester  are  cahable  of  under¬ 
going  tautomerlsm  and  two  forma  ca^i  be  ^rritten  for  each,  ja  keto  form 
and  an  enol  form.  Consider  a  B-diXetone  such  as  acetylacetone  (IC) 


(9) 


0 

II 


CH^-C-CHgC-CH^ 
(10)  keto  form 


0  uH 

II  I 

CH^C-CH-C-CH^ 
(".)  enol  form 


The  enol  form  is  capable  of  reacting  with  hydrazine,  mono- substituted 

I  I 

hydrazines,  and  symaetricallyj  ^-substituted  hydrazines  1|o  form  pyrazole 
derivatives.  However,  unsymmetrically  di- substituted  hytibrazines  are 
incapable  of  reacting  to  form  these  pyrazole-type  ring  siructures. 

In  the  case  of  hydrazine  and  acetylacetone,  thi  reaction 
may  be  visualized  as  follows.  After  establishing  a  tautomeric  equilib- 
ritim,  the  hydrazine  molecule  reacts  with  the  enol  form  (il)  with  the 
elimination  of  one  molecule  of  water; 


(11)  ♦  KHgNHg 


RHHH. 


->  CH2C-CH=C-CH2  +  HgO 


(12) 
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(15) 


This  Boleciae  (12)  can  undergo  carbonyl  activation  with  (13)  aa  the 
retult.  As  shown  earlier,  the  nucleophilic  nitrogen  atom  can  then 
attack  the  positive  center  of  the  carbonyl  group  (carbon  atoa)  and  by 
the  transfer  of  a  proton  froa  the  nitrogen  atom  to  the  negative  center 
of  the  carbonyl  group  (oxygen  atom)  a  neutral  cyclic  molecule  (l4) 
formed.  By  the  eliolnation  of  the  elements  of  water  from  the  nitrogen 
atom  (the  proton)  and  the  adjacent  carbon  atoa  (the  hydroxide  ion)  the 
compound  3,5  -  dimethylpyr azole  (15)  is  formed. 

Another  possible  reaction  mechanism  leading  to  the  sasm 
pyrazole  derivative  involves  the  formation  of  product  (IP)  and  then  a 
tautoaerism  to  (16). 


BKITH, 


CH^-C-CH-C-CH^ 


0  H-KH_ 

II  II  ^ 

CH^-C-CHg-C-CHj 

(16) 
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(15) 

3»5  •  dinethylpyr azole 


Product  (l6)  can  exhibit  enollzatlon  of  the  other  carbonyl  group  to 
fora  (17)  which  can  then  lose  the  elements  of  water  to  cycllze  and 
produce  the  3,5-dlaethylpyrazole  (15). 

To  illustrate  the  end  products  that  could  result  If  hydrazine 
and  its  Biethyl  derivatives  were  to  react  with  acetylacetone  in  this 
fashion,  consider  the  following  structures: 


Hydrazine 


3,5  -  dimethylpyrazole 


I 


•H 


CH^-C 


\ 

JXJH _ 


(18) 


Me thy Ihydr az ine 


(19) 


1,3,5 


trlaethylpyr azole 


0  V(CH,)IIHCH, 

II  I  3  3 

CHjC-CH-C-CHj 


(20) 


-di®ethylhy«lra£ine 

*pentene-3<‘Onf>2 


H  -  CH- 

I  3 


(21) 


1» 2 , 3 » 5- tetraaethyl- 3-hydroxy 
l»>pyrazoIliie 


unsym-Dlaethylhydrazlne  (^3^  IWHg 

aono-HyH-diaethylhydrazGne  of  acetylacetooe 

Since  all  of  theae  products  differ  froa  one  another,  their 
individual  effects  on  liquid  crystals  say  also  be  different.  Such  a 
difference  in  response  might  enable  the  differentiation  of  the 
substituted  and  unsubstituted  hydrazines. 

The  sixth  method  considered  vms  the  use  of  allylic  halides 
which  are  known  to  be  very  reactive  coaq>ounds  due  to  the  ease  of  their 
ionization  (23).  This  ease  of  ionization  is  a  consequence  of  the 
ability  of  the  electrons  of  the  C«C  double  bond  to  contribute  to  the 
vacant  orbital  of  the  carbonium  carbon  atc»  (24). 


- CH--C-CH«  C  -  CH, 

3  2  II  “3 


(22) 
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Th«  earbonlua  ion  fomed  is  a  strong  electrophile  and  should  be  capable 
of  scavenging  for  electron  dense  materials^  e.g.,  nitrogen  con^Knmds 
having  available  electrons.  Since  UIMH  is  a  stronger  base  (see  below) 
than  hydrazine  it  could  react  with  an  allylic  type  halide  as  shown  in 


(25): 


RCK-CH 


CHgCl  ♦  (CH2)2NNH2  - ^RCH-CHCH2-NH2N(CH2)^j  Cl' 


(25) 


In  the  presence  of  alcohols,  allyl  halides  nay  be  induced  to  react  by 
the  presence  of  a  proton  acceptor,  e.g.,  hydrazine  (26); 

(26) 

HHpHHp  ^  . 

RCH-CHCH2CI  +  R'OH - RCK-CHCHg-OR'  +  |HH2^3]  Cl” 

Reactions  as  these  were  investigated  as  a  possible  means  of  dlfferentiatir 
as  well  as  detecting  the  hydrazines. 

With  hydrazine  and  vinsynaetrical  dlnethylhydrazine  it  can  be 
anticipated  that  there  will  be  a  difference  in  response  to  some  of  the 
preceding  reactants.  This  difference  can  be  attributed  to  the  fact 
that  the  UIIMH  is  more  basic  than  hydrazine,  and  the  UDMH  will  have  a 
steric  factor  associated  with  it. 

That  Ul^  is  more  basic  than  hydrazine  results  frcmt  both 
the  inductive  and  the  hyperconjugatlve  effects  of  the  two  methyl  groups. 
This  may  be  illustrated  as  follows: 


‘2 


♦  I  effect*  of  CHj  groups  and  (2?) 
(Inductive) 


6  "no-bond"  resonance  forms.  (28) 

( Ifypercon  Jugat  Ive ) 


Both  of  these  effect Increase  the  basicity  of  the  UIMH  molecule  bjr 
making  the  electron  pairs  on  nitrogen  Bx>re  available  for  reaction. 

The  possible  steric  factor  associated  irtth  UCMH  (2?)  is 
caused  by  the  spatial  requirement*  of  the  two  bulky  methyl  groups,  as 
eoaq)ared  to  two  hydrogen  atoms  on  hydrazine  (28); 


3,2  SCREENIHG  TESTS 

The  same  smthods  of  liquid  crystal  film  preparation  with 
the  Incorporated  detector(s)  and  sasq>le  delivery  were  used  for  the 
detection  of  hydrazine  and  unsysBetrlcal  dimethylhydrazine  (UMS) 
vapors  as  was  described  earlier  In  Section  3. 

For  screening,  the  material*  investigated  as  detectors  were 
treated  not  only  with  the  vapors  of  the  materials  to  be  detected  but 
also  with  other  nitrogen  bases.  As  a  representative  group,  the  other 
vapors  tested  were  asiBonla,  triethylamine,  and  pyridine.  Table  5*1 
shows  the  material*  screened  as  detsctors  and  the  response*  caused  by 
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vaporg  of  the  five  nitrogen-containing  baaea.  All  of  the  detector 
ayateBc  ahovn  in  the  table  repreaenit  the  firat  four  aethoda  of 

detection  deacribed  in  the  aection  Lbove,  i.e.,  chloroforaatea  or 

I 

acyl  halldea  alone  or  in  conjunction  vith  an  alc:Aol  or  pyridine » 
and  (the  aixth  nethod  of  detection)!  allylic-type  (reactive)  halogen 
alone  or  vith  an  alcohol.  Of  the  nethoda  and  aateriala  teated,  it 
appearedi  that  eholeateryl  terephthaiyl  chloride,  eholeateryl  iaophthalyl 
chloride,  and  eholeateryl  chloroforiute  with  an  alcohol  reaulted  in 
the  greateat  aenaltivity. 

The  fifth  aMthod  involved  the  uae  of  /^-diketonea  (or  I*- 
ketoeaters).  Ihis  nethod  pro^’ed  valueleag  vhen  teated  in  the  oaual 
manner;  i.e.,  vapora  of  hydrazine  or  UTMH  did  not  cauae  a  change  in 
the  liquid  crystal  film.  Rrdbably,  for  thia  reaction  to  aueceed,  a 
longer  contact  tisMS  between  reactants  is  necessary. 

5.3  SEKS^nVITlf  TESTS  I 

The  method  and  apparatus  used  to  test  for  and  measure  the 
response  of  UJ3MH  wore  the  same  aa  described  in  Appendix  III.  As  demonstrated 
earlier  this  equipment  allows  for  the  delivery  of  gases  or  vapora  of 
a  known  Vslu^e  end  known  pressure  so  that  by  expansion  into  a  larger 
known  volume  the  concentration  can  then  be  determined. 

In  Table  ^.2,  the  results  are  shown  of  exposing  8  ppm  of 
UDMR  for  15  minutes  to  eholeateryl  terephthalyl  cnloride.  Aa  can 
be  seen,  the  operating  temperature  of  the  film  was  lowered  more  than 
2  degrees  in  the  visible  region.  At  M»*C  (see  Figure  5.2)  then,  the 
eye  would  see  that  the  wavelength  of  reflected  li^t  shifts  froai 
6000  A  in  the  red  region  to  V200  A  i|n  the  blue  region.  Cm  sensitivity 

i 

is  calculated  to  be  -0.29*C/ppm  of  UTM!. 

The  mixture  containing  4^  cholester)!  Iaophthalyl  chloride 
was  found  to  be  less  sensitive  (Table  5>3)  After  a  15  adnntc  exposure 
to  8  ppejof  tICKH  this  film  exhibited  a  shift  in  the  visible  region  of 
approximately  -0.6*C  (see  Figure  5.1).  Before  exposure  to  UlMH,  It 
would  reflect  light  of  a  6000  A  wavelength  (red  region),  while  after 
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•xpofure  the  reflected  light  would  be  at  5000  A  wavelength  (green  region). 
The  aenaltlvlty  here  waa  calculated  to  be  -0.075*C/ppB. 

Teaperature  aentltive  detectors  were  prepared  by  using 
alxtures  of  cholesteryl  chloroforaate  (4%)  in  conjunction  with  chol¬ 
esterol  (molar  amount  based  on  the  cholesteryl  chloroformate)  dissolved 
in  a  liquid  crystal  matrix  of  6o/40  cholesteryl  nonanoate-cholesteryl 
deyl  carbonate.  This  material  evidenced  a  response  to  UDMH  as  shown 
in  Tbble  5 >4.  Costparison  data  of  thick  film  vs  thin  film  preparation 
showed  the  effects  encountered  when  diffusion  plays  a  part;  i.e., 
the  thin  film  evidenced  a  greater  change  than  the  thick  film  when  treated 
in  identical  fashion. 

Table  5«5  presents  the  data  obtained  using  a  detecting 
system  of  4^  cholesteryl  chloroformate  with  an  equimolar  amount  of  oleyl 
alcohol  in  the  usual  6o/4o  matrix.  E^osure  to  8  ppm  for  15  minutes 
produced  a  negative  shift  of  the  color  temp^erature. 

The  sensitivity  tests  for  hydrazine-hydrate  presented  some 
problems  that  were  not  encountered  in  the  UDMH  tests.  When  hydrazine 
hydrate  was  placed  in  the  volumetric  dilution  apparatus  described  in 
Appendix  III«  very  little  vapor  pressure  was  noted.  The  vapor  pressure 
of  the  hydrazine -hydrate  at  room  temperature  was  found  to  be  about  1  mm. 
Bie  vapor  pressure  of  hydrazine  at  20“C  is  10  bb  while  that  of  water 
at  20*C  is  18  SB.  Since  considerable  hydrogen  bonding  does  take  place 
in  a  liquid  solution  of  hydrazine  and  water,  as  evidenced  by  several 
physical  properties,  the  vapor  pressure  of  hydrazine-hydrate  might  be 
expected  to  be  less  than  that  of  either  of  the  two  individual  liquids. 

Bata  are  available^^^  to  substantiate  that  vapor  pressures  of  hydrazine- 
water  mixtures  exhibit  a  negative  deviation  frcm  Raoult's  Law  aitd  that 
the  vapor  pressures  of  the  individual  constituents  are  smaller  than 
might  be  calculated  fros  the  mole  fraction  of  each.  Biis  low  vapor 
pressure  of  hydrazine-hydrate  made  it  impractical  to  achieve  the 
desired  10  ppm  with  the  volumetric  dilution  apparatus  that  waa  used 
for  the  ULMH  ISierefore,  the  method  used  was  the  hypodermic  syringe 
technique  described  in  Section  3.2.  Ihe  calculated  vapor  existing 
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Table  5.2  -  Detection  of  UDNH  with  Mt  Choleiteryl  Terephthalyl 

Chloride  in  60/U0  Choleiteryl  Ronanoate  •  Choleiteryl 
Oleyl  Carbonate. 


Temperature 


Color 

Reflected 

Wave¬ 

length 

Unexposed 

15  min. 
txpoiure 
8-13  FP” 

Temp. 

Change 

UV 

3888 

U8.12*C 

45.91*C 

-2.21*C 

Blue 

1»685 

- 

m 

- 

Green 

5015 

- ' 

- 

Yellow 

5875 

44.07-44.19 

41.76 

-2.31  to 

Red 

6560 

- 

- 

- 

Table  5*3  ~  Detection  of  UDMH  irith  Choleiteryl  Iici^thalyl 
Chloride  In  60/40  Choleiteryl  Ronanoate-Choleiteryl 
Oleyl  Carbonate. 


Temperature 


Color 

Reflected 

Wave- 

length- 

(A) 

Ihiexposed 

15  Hla. 

Exposure 

8.13  PI» 

Temp. 

ChaiuU 

UV 

3888 

4i.93*C 

41.29*C 

Blue 

4685 

39.55 

38.91 

-.64 

Green 

5015 

38.76 -r 

.  - . 

■  -  - 

Yellow 

5875 

38.14 

37.50 

-.64 

Red 

6560 

37.78 

37.19 

-.59 
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Figure  5*1  ^  Effect  of  15  min  contamination  by  8  ppm  UIWH  on  K'jtrix  A  + 
Cbolesteryl  Isopbtbalyl  Chloride. 
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Tiibl*  5*^  •—  Detection  of  UEMH  with  h%  Choleateryl  Cliloroform&te 
^  Choleaterol  in  60/40  Choleateryl  Ifonanoete- 
Choleateryl  Qleyl  Carbonate  for  Ihlck  and  Ihln  Filaa. 


Teat  of  Thick  Film 


Teat  of  Thin  Filn 


Color  Re¬ 
flected 

Ma) 

Unexpoaed 

15  Bin 

8  ppa 

Texnp. 

Change  Unexpoaed 

15  Bln 

J_EE5 

Temp. 

Change 

UV 

3888 

37.07  - 

36.59  - 

35.84*0 

35.02*c 

-.82*C 

Blue 

4685 

36.59 

30.90*C 

36.24 

30.92*0 

+.02*C 

35.48 

mm 

Okreen 

5015 

30.02 

29.90 

-.12 

— 

m<m 

Yellow 

5875 

29.20 

29.18 

-.02  28.95 

29.22 

*0.27 

Red 

6560 

28.64 

28.59 

+.05 

m 

m  m 

Table  5*5  *“  Detection  of  UDMH  with  U'jt  Choleateryl  Chlorofonnate  + 

Oleyl  Alcohol  in  60/40  Choleateryl  Nonanoate -Choleateryl 
Oleyl  Carbonate. 


Color 

Reflected 

Unexpoaed* 

15  Bln 

Leesl 

Temp. 

Change 

UV 

3888 

23.05*0 

20.38*C 

-2.67*C 

Blue 

4685 

18.00 

17.58 

-  .42 

Green 

5015 

16.82 

16.42 

-  .40 

Yellow 

5875 

15.70 

15.68 

-  .02 

Red 

6560 

15.07 

15.12 

+  .05 

■»After  1  day  atending 
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above  liquid  hydrazine  hydrate  ia  1000  ppm.  Uslni^  the  ayringe  this 
concentration  vas  reduced  to  100  ppn  and  then  to  10  ppm.  Ualng  a 
detector  of  4^  by  vt.  cholesteryl  chlorof ornate  and  choleaterol 
(equiaolar)  in  a  60/40  matrix,  hydrazine-hydrate  did  not  give  a  aatla- 
factory  reaponee.  However,  the  8^  choleateryl  chloroformate  and 
choleaterol  in  a  60/40  matrix  gave  an  identical  reaponse  aa  that  Obtained 
with  UDMH.  Using  thla  aa  a  basis  of  ccmparijon,  the  4^  choleateryl 
terephthalyl  chloride  and  choleatexyl  iaophthalyl  chloride  containing 
liquid  crystal  ayatna  were  exposed  to  HH.  The  result  was  a  depression  of 
1  to  2*C  for  the  terephthalyl  derivative  and  a  depression  of  appraxisuitely 
0.3*C  for  the  iaophthalyl  derivative.  Upon  standing,  this  difference 
gradually  diminished  and  ultimately  becazae  ali^tly  positive,  i.e.,  the 
operating  tempA'ature  was  raised.  Further  work  is  needed  to  determine 
the  mechanism  of  this  effect.  The  detection  of  UDMH  indicated  a  change 
in  the  slope  of  the  temperature  vs  wavelength  curve  rather  than  a  shift 
in  the  operating  temperature.  This  indicated  that  the  reactions  for 
this  material  could  be  readily  adapted  to  temperature  insensitive 
systems.  Three  systems  were  made  which  were  temperature  insensitive. 

The  most  sensitive  used  a  catalytic  mechanism.  It  contained,  by  wel^t: 

30  parts  cholesteryl  oleyl  carbonate, 

20  parts  cholesteryl  nonanoate, 

8  parts  cholesterol,  and 
8  parts  cholesteryl  chloroformate. 

This  material  shifted  iVma  a  green  color  to  a  deep  red  at  8  ppm  at 
24*C.  Before  exposure  the  material  was  temperature  insensitive;  after 
expos\ure  the  material  changed  color  with  a  change  in  temperature.  This 
material  could  probably  be  improved  by  adding  cholesteryl  ehlorlda. 

Because  of  a  lack  of  time  this  procedure  was  not  investigated.  Simple 
sstlnes  were  shown  to  Interfere  with  the  results  of  this  test.  However, 
if  UBMR  or  hydrazine  are  known  to  be  present,  it  could  be  used  as  a 
quantitative  test. 

The  two  roealning  materials  were  made  using  mono-cholesteryl 
Isophthalyl  chloride  and  mono-cholesteryl  terephthalyl  chloride.  These 
formulations  (by  weight)  are  aa  foUcars: 
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il  \  III  ihiP»"  II  ~ 


f  ? 


UOffill 

2  parts  cholesteryl  terephthalyl  chloride 
7  perte  cholesteryl  oleste 

1  pert  cholesteryl  nonsnomte 

2  parts  cholesteryl  chloride 

urMal2 

2  parts  cholesteryl  Isophthalyl  chloride 
7  parts  cholesteryl  erucyl  carbonate  » 

1  part  cholesteryl  nonanoate 

2  parts  cholesteryl  chloride 

Although  these  aaterlals  are  of  lower  sensitivity  than  tl 
preceding  adxture,  they  give  a  test  which  Is  not  Interfered  with  by 
any  of  the  gases  or  vecpors  used  In  this  contract. 


5.4  COBCMJSIORS 

The  qualitative  detection  and  distinction  between  hydraz; 
(and  Its  aethyl  derivatives)  and  a  nusd)er  of  other  basic  aolecules  has 
been  successful..  The  nuid^er  of  detection  aechanlsas  available  and 
the  results  obtained  show  the  versatility  of  a  test  which  Is  based  on 
the  cholesteric  jsystem  when  iqipUed  to  aoderately  C0Bq}lex  aolecular 
structures.  In  jthe  tests  for  sensitivity,  the  results  were  not  as 
strong  as  with  HCL  or  HF;  however,  concentrations  of  1  to  10  pp«  could 
be  detected. 

The  unusual  effect  of  hydrazine  and  UIMH  with  terephthal^ 
chloride  derivatives  should  be  further  studied  with  an  atteBq)t  to 
deteralne  the  aechanlsB  Involved.  This  reaction  Is  potentially  very 
useful  In  leading  to  reactive  naterlals  which  have  high  sensitivities 
and  the  ability  to  distinguish  minute  differences  In  molecular  structur* 

TCBq>erature  insensitive  aaterlals  were  developed  with  thj 
group  of  materials  which  show  the  validity  of  earlier  work  In  this  area, 
The  Interpretation  of  the  teaperature  vs  wavelength  curves  was  used  to 
imply  that  a  nonteaperature  sensitive  aaterlal  could  be  made.  This  was 
ezperiaentally  verified. 
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6.  DETECTIOR  OF  TRACE  HRO^ 

Aa  a  side  result  of  this  vork,  cholesteryl  phenyl  hydrazine 
which  was  prepared  as  a  posslhle  detector  of  HCl  and  H7  has  been  found 
to  be  reactive  to  HRO^  at  the  1  to  10  ppn  level,  but  not  to  the  oxides 
of  nitrogen  or  to  HCL  or  HF.  This  Is  an  Important  result  since  the  oxides 
of  nitrogen  will  fora  HNO^  In  the  presence  of  water  vapor.  tAider  som 
clrcuiastanees  this  should  be  a  valuable  aid  In  gas  analysis.  The 
■aterlal  was  prepared  for  testing  by  placing  10^  by  weight  of  the 
hydrazine  In  55%  cholesteryl  oleyl  earb»iate  and  35%  hy  weight  cholesteryl 
nonanoate.  Using  a  hypoderalc  syringe  and  the  technique  described 
earlier,  a  shift  In  the  color  tesrperature  In  excess  of  1*C  occurred  for 
a  concentration  estimated  at  1  ppm  or  less. 

By  adding  U<;(  cholesteryl  phenyl  hydrazine  to  a  matrix  that 
was  composed  of  equal  parts  of  cholesteryl  nonanoate  and  oleyl 
cholesteryl  carbonate  a  detector  was  prepared  that  reacts  to  HNO^ 
but  not  to  HF  and  HCl.  The  color  transition  temperature  la  raised 
more  than  1*C  upon  exposure  to  8  ppm  concentrations  of  HRO^  for 
15  minutes. 

Since  work  on  this  material  was  not  required  under  the 
present  contract,  the  effect  was  not  studied  at  great  length.  Indi¬ 
cations  are  that  It  might  prove  useful  for  a  non-temperature  sensitive 
material.  Ibwever,  this  has  not  been  experlswntally  proved.  This 
would  be  accoBQJllshed  by  using  a  matrix  containing  cholesteryl  chloride 
as  a  ujor  constituent  (see  i^pendlx  I). 
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7.  CONCUrSIONS  AND  RECOMMENDATIONS 

Hd  and  HF.  Suitable  materials  for  detecting  Rd  and  RF  at 
concentrations  of  1  ppu  were  developed.  With  the  tesqperature  and  pres¬ 
sure  restrictions  that  vere  imposed  it  vas  not  found  practical  to  distin¬ 
guish  between  Rd  and  RF.  If  sane  particular  application  demands  a  dif¬ 
ferentiation  between  them,  future  work  is  recasaaended. 

RR  and  UDMH.  Several  teiqperature  insensitive  detectors  were 
developed  that  reacted  to  both  HR  and  UTMR  at  concentrations  of  the 
order  of  10  ppm.  Temperature  sensitive  suiterials  were  found  that  would 
distinguish  between  these  two  gases  at  concentrations  of  8  ppm. 

Oacldes  of  Nitrogen  and  Nitric  Acid.  NOg  gas  was  detected  at 
a  contamination  level  of  6  ppm  with  a  number  of  cholesteric  liquid 
crystal  materials.  In  the  presence  of  water  vapor  in  the  atmosphere,  NOg 
will  form  RNO^.  Since  water  vapor  generally  occurs  in  the ^atmosphere,  a 
detector  was  devised  to  react  to  RNO^  at  a  concentration  level  of  8  ppm. 

Gas  Mixtures.  Some  of  the  gases  studied  if  mixed  In  the 
atmosphere  would  react  with  each  other,  e.g.,  hydrazine  and  Rd.  Rowever, 
mixtures  of  a  number  of  these  materials  are  possible.  In  principle,  the 
detection  of  mixtures  presents  no  problem  if  the  liquid  crystal  reacts 
to  only  one  group.  For  Instance,  the  detectim  of  IlOg  in  the  presence 
of  Rd  is  not  a  problem.  On  the  other  hand,  detection  of  small  smounts 
of  Hd  in  the  presence  of  large  amounts  of  NOg  is  not  quite  so  simple. 

To  decrease  the  reactivity  of  the  Rd  detectors  to  NOg,  further 
Investigation  is  required. 

UDMH  and  RR  will  not  interfere  with  any  of  the  other  reactive 
materials.  NOg  will  in  some  eases  react  with  the  detector  matrix,  so  the 
detection  of  UDMH  &  HR  in  the  presence  of  NOg  is  a  problem.  However, 
the  chance  of  finding  UDMH  or  HR  with  NO2  is  extremely  reaiote  due 
to  the  formation  of  nitric  acid  in  the  presence  of  water  vapor  followed 
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by  th«  rapid  dacoBpoiltiofi  of  the  HH  or  UTMH.  KO^  can  be  detected  and 
Identified  even  irtien  other  gaaea  are  also  preaent. 

Qttantitative  Analyaia«  Ihe  feaaibility  of  quantitative  and 
qualitative  teats  haa  been  deaonatrated  using  cholesteric  liquid  crystals. 
It  is  reeoBBMnded  that  experiments  be  carried  out  vith  these  materials  to 
establish  a  standard  set  of  exposure  techniques  with  controlled  notion  of 
the  eontaadnant  atnosphere  across  the  detectors  to  obtain  a  set  of 
quantitative  calibrations.  Ihese  calibrations  should  also  be  established 
as  a  function  of  tenperature. 

Life  of  Detectors.  We  believe  that  the  life  of  these  detectors, 
when  kept  avay  frcn  reactive  naterials  in  the  atnosphere  and  protected 
froB  sunlight,  vlll  be  indefinite  at  any  tenperature  up  to  the  boiling 
point  of  the  solvent.  Hovever,  extensive  life  tests  should  be  made. 

When  these  naterials  are  exposed  to  the  atmosphere,  their  life  nay  be 
expected  to  be  very  United  due  to  traces  of  reactive  gases.  Hence  care 
Bust  be  taken  in  storage. 

Extension  to  Other  Gases.  Praa  the  results  of  this  r^rogran, 
it  appears  that  many  other  gases  and  vapors  can  be  detected  at  low 
concentrations  using  this  important  new  technique. 


Appendix  I 

backgrouhd  inFORMATion  ON  uqun)  crystals 

I.l  INTRCDUCTION 

The  cholesteric  phase  represents  a  unique  situation  In  natxire. 

1 

In  this  phase  a  highly  colored  material  does  not  absorb  Incident  radi¬ 
ation  but  transmits  and  scatters  light  selectively.  ISie  colors  are  not 
dependent  upon  specific  electronic  arrangements'  in  the  materials  like 
more  familiar  dyes  but,  instead,  are  dependent  on  such  things  as  steric 
factors,  (molecular  shape)  and  dipole  arrangement.  Thus  materials 
vhlch  exhibit  liquid  crystal  properties  may  be  affected  by  a  difference 
In  carbon  chain  length  or  by  the  position  occupied  by  a  methyl  group. 

The  unique  properties  of  this  material  allow  it  to  ue  used  In  a  new 
analytical  technique.  Such  relations  as  Beer's  lav  do  not  hold  vhen 
two  materials  are  mixed.  13ie  materials  do  not  give  two  color  peaks  but 
only  one  which  represents  the  net  effect  of  the  moleculeo  in  the  system. 
As  a  result,  this  average  effect  allows  us  to  arrive  at  color  effects 
for  reactions  which  involve  non-colored  reactive  materials.  The  degree 

I 

of  the  change  in  the  optical  properties  of  the  liquid  crystal]  represents 
the  magnitude  of  these  reactions. 

CXir  general  approach  to  the  problems  of  developing  a  liquid 
crystal  gas  detector  is  to  choose  a  class  of  eospounda  that  will  react 
with  the  gas  and  which  can  be  incozrorated  into  a  suitable  liquid 
crystal. 

1.2  OmCAL  EFFECTS 

The  cholesteric  phase  was  the  first  liquid  crystalUaa  state 
observed.  The  discovery  was  in  part  due  to  its  unusual  optical  proxwr- 
tles.  Like  most  crystalline  materials,  it  acts  as  a  birefringent 
material.  However,  at  that  point  the  resemblance  ends.  The  ^optical 
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properties  nay  be  suamarized  as  foUcara:  (l)  l!he  cholesteric  struc¬ 
ture  is  uniaxial  and  optically  negative  idille  other  liquid  crystal 
structures  are  optically  positive;  thus,  for  the  cholesteric  phase, 
there  is  a  single  optical  axis  normal  to  the  surface  along  idiich  the 
index  of  refraction  has  a  minimum  value.  (2)  The  cholesteric  struc¬ 
ture  is  optically  active  vith  rotary  powers  many  tliaes  that  of  cemnon 
optically  active  materiala.  The  plane  of  linearly  polarized  light  is 
rotated  through  an  angle  several  hundred  times  that  of  the  usual, 
optically  active  materiala,  such  as  sucrose  or  optically  active  quartz. 
(3)  When  Illuminated  with  white  light,  the  cholesteric  structure 
scatters  the  light  to  give  an  iridescent  color,  which  varies  with 
substance,  temperature,  and  angle  of  the  incident  beam.  (U)  Cie 
cholesteric  structure  la  circularly  dlchrolc  for  some  wavelength 
region,  that  is,  one  circularly  polarized  cosqponent  of  the  incident 
beam  is  transmitted  without  attenuation,  whereas  the  other  is  scat¬ 
tered.  Either  the  ri^t  or  the  left  hand  circular  polarized  component 
may  be  affected. 

These  optical  properties  depend  on  a  delicately  balanced 
molecular  arrangement.  A  change  of  shape  or  dipole  mome.it  or  any 
other  disturbance  which  Interferes  with  the  weak  forces  between  mole¬ 
cules  results  in  a  dramatic  change.  Reflection,  tranamlsslon  bire¬ 
fringence,  circular  dlchroism,  and  optical  rotation,  all  undergo 
marked  transformations. 

5o  complete  theoretical,  treatment  of  the  optical  properties 

1  2 

of  the  cholesteric  state  is  available,  but  Oseen  and  deVries  have 
considered  these  optical  properties  for  normal  incident  light.  Ihe 
latter  used  as  a  model,  a  number  of  blrefringent  planes,  each  contain¬ 
ing  its  own  optical  axis  tmd  each  displaced  a  little  from  the  plane 
Iwaedlately  below  it  as  shown  in  Figure  I.l.  The  various  optical  axes 
represented  by  the  arrows  describe  a  helical  structure  with  pitch  equal 
to  the  wavelength  of  light  scattered  at  normal  incldeu-e.  Unfortunately, 
the  usefulness  of  this  model  is  severely  limited,  since  Jt  explains 
only  the  effects  of  normal  incident  light. 
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1.3  HOLECULAR  STRUCIURE 

Early  in  the  liquid  crystal  prograa  it  vas  discovered  that 
gases,  liquids  and  soJlds  can  affect  the  structure  of  the  cholesteric 
liquid  crystals  sc  that  one  or  store  of  the  optical  properties  are  per- 
■anently  or  taaporarlly  changed.  Ry  utilizing  this  general  principle, 
an  entirely  nev  aode  of  analysis  has  been  developed.  The  prograa  yith 
RADC  is  concerned  with  chealcal  reactions  which  are  not  reversible. 
Changes  occur  in  the  optical  properties  of  the  liquid  crystal  upon 
exposure.  These  sMasured  or  observed  optical  effects  are  a  function 
of  the  total  exposure  tlae  as  well  as  the  concentration  of  the  gas  to 
be  detected.  In  order  to  predict  the  effects  of  any  one  of  the  gases 
and  how  they  will  affect  a  specific  cholesteric  liquid  crystal,  a 
review  of  the  effect  of  aolecular  structure  is  necessary. 

The  cholesteric  liquid  crystal  state  is  priaarlly  associated 

with  the  derivatives  of  sterols.  Although  cholesterol  does  not  itself 

exhibit  a  liouid  crystalline  phase,  an  examination  of  the  structure 

described  by  various  investigators  explains  the  formation  of  this 

phase.  To  understand  the  structure  of  cholesterol,  the  tetrahedral 

-r 

bond  angles  of  carbon  should  be  visualized.  See  Figure  I>2. 

If  the  methyl  groups  at  and  are  visualized  as  pro> 
Jectlng  out  of  the  plsme  of  the  p^per,  the  side  chain  at  axid  the 
hydroxyl  group  at  will  also  project  above  the  plane  of  the  paper 
while  the  hydrogen  atoms  which  are  shown  with  a  dotted  bond  line 
project  below  the  nlane  of  the  paper.  The  result  is  a  molecule  ifhich 
has  a  broad  flat  configuration  that  may  be  visualized  as  zigzagging 
through  the  plane  of  the  paper  with  one  edge  relatively  smooth  and 
one  edge  roughened  by  the  side  chain. 

As  one  of  the  ways  of  determining  the  effect  of  molecular 
structure  on  the  cholesteric  phase,  experiments  were  performed  in 
idiich  the  general  planar  configuration  of  the  molecule  vas  altered. 
This  was  done  by  saturating  the  double  bond  at  C^.  If  cholesterol  is 
hydrogenated,  the  hydrogen  at  projects  down  and  the  general  plane 
of  the  molecule  is  preserved.  This  csmpound  is  also  found  associated 


vlth  eholeatcrol  and  it  called  choleetancl.  The  choleaterol-derlved 
eoapound  which  hae  the  hydrogen  at  projecting  out  of  the  plane  is 
called  eoprostanol  and  is  one  of  the  ellJilnation  products  of  anlaals. 
Zn  this  ease,  the  A  ring  is  bent  into  thii  plane  of  the  paper  giving 

almost  the  effect  of  a  hook.  All  of  the  cholestanol  ccmpounds  studied 

. 

have  a  cholesteric  phase  which  is  optically  indistinguishable  from  the 


phase  foxmed  by  cholesterol  derivatives. 


These  derivatives  include 


eholestanyl  benzoate,  cholestanyl  nonanoate,  cholestanyl  acetate,  and 
eholestanyl  dihydrocinnaaate.  Moreover, ^ no  eoprostanol  canpounds  have 

I  U 

been  found  which  exhibit  a  cholesteric  phase  . 

The  importance  of  the  planar  structure  of  the  cholesteryl 
molecule  in  forming  the  cholesteric  liquid  crystal  may  be  further  con¬ 
firmed  by  observing  the  cholesteryl  esters  of  the  onega-substltuted 
phenyl-alkyl -monocarboxylic  acids.  These  esters,  listed  in  Table  I.l 


» 

Table  I.l  —  Varying  Chain  Lengths  and  Cholesteric  Phases  of 
Cholesteryl  Esters 


I 


Cholesteryl  Ester 

number  of 
Carbon  Atens 

'  Phases 

Benzoate 

0 

Cholesteric  at  melting 
point — red  scattering 

Phenyl  Acetate 

1 

HO  cholesteric  phase 

I^rdr  oc  innamate 

2 

Cholesteric  phase— green 
at  melting  point 

Phenyl  Butyrate 

3 

Ho  cholesteric  phase 

1 

Phenyl  Valerate 

k 

Cholesteric  phase— blue 
at  smiting  point 

Phenyl  Hexanoate 

5 

Ho  cholesteric  phase 

have  the  foUovlng  configuration: 


Ciese  esters  vere  prepared  from  the  acid  chlorides  and  ehslesterol. 

Oie  acids  becasM  increasingly  difficult  to  obtain  as  the  amber  of 
carbons  in  the  alkyl  side  chain  vas  Increased.  Cholesteryl  benzoate 
and  the  esters  containing  an  even  nusber  of  carbon  atons  in  the  sub¬ 
stituting  alkyl  chain  of  the  original  acid  chlorides,  all  exhibit  a 
strong  cholesteric  phase.  By  exsaining  the  configuration  of  choles¬ 
teryl  benzoate,  it  was  apparent  that  the  benzene  ring  continues  the 
planar  configuration  of  the  cholesteryl  ring.  This  conclusion  becsaw 
Bore  evident  upon  exaaination  oa  Ihylor-Hirschfelder  atonic  Bodels. 

Ihe  repetition  of  the  results  indicated  that  the  alkyl  chain  is  proba¬ 
bly  extended,  for  if  it  vere  randcnly  arranged,  it  should  have  Bade  no 
difference  vhether  the  benzene  ring  vas  reaoved  frosi  the  cholesteryl 
ring  system  by  an  odd  or  an  even  nusber  of  carbon  atoms. 

I.l»  tCEMPERAirnijE:  MEASURIXEBTS 

The  Beasureaent  of  the  temperature  dependence  of  the  chol¬ 
esteric  colors  has  been  of  great  benefit  in  the  study  of  the  various 
effects  of  Bolecular  structure.  To  Bake  this  aeasurement,  an  ^^uminum 
block  has  been  attached  to  a  therBoelectrlc  unit.  See  Figure  1.3. 

The  block  can  be  cooled  or  heated  so  that  a  vide  range  of  temperatures 
is  available.  Ihe  taaperature  of  the  block  can  be  Beasured  by  a 
thermocouple  or  it  can  be  recorded  on  the  y  axis  of  an  x-y  recorder 
using  an  enclosed  thermistor.  In  operation,  a  fllB  of  liquid  crystal 
is  placed  on  a  thin  Mi/lar  film  in  intimate  contact  vith  the  block  and 
lUuBlnated  vith  a  gas  discharge  laap.  Ihe  reflectlm  from  the  liquid 
crystal  is  Bonltored  using  a  photomultiplier.  The  output  of  the  photo¬ 
multiplier  is  recorded  as  a  function  of  temperature  on  the  recorder. 
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aratus  for  measuring  the  temperature  sensitivity 
cholesteric  liquid  crystals. 
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Figure  1.5  *■  Temperatiire  as  a  function  of  wavelength  for  a  nuntber 
of  cholesteric  materials  added  to  cholesteryl 
nonauioate. 
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Ihe  discharge  laaqis  have  specific  wavelengths  of  suaclsnisi  intensity 
which  are  recorded  as  peaks  on  the  x-y  plot.  The  tenperature  at 
which  these  peaks  occur  give  sufficient  information  for  a  tesqperature 
vs  dominant  wavelength  plot.  See  Figures  I.U  and  I.5> 

The  first  use  of  this  apparatus  was  to  determine  the  effect 
of  changes  in  structure  when  they  Involved  only  a  sniall  percentage  of 
a  sdxture  of  cholesteric  materials.  Cholesterol  nonanoate  was  used 
as  a  standard  material  and  a  nuzaber  of  both  derivatives  of  cholesterol 
and  fat  soluble  materials  were  added  to  it.  Ikiless  otherwise  sped* 
fled  all  percentages  given  in  the  appendices  are  by  weight.  In 
Figures  1.5  and  1.6  we  see  the  effect  of  adding  cholesterol  esters  of 
differing  chain  length.  In  this  case  one  observes  the  shift  in  tern* 
perature  sensitivity  as  a  function  of  chain  length.  A  change  in 
chain  length  is  readily  identified  by  a  change  in  the  slope  of  the 
temperature  vs  wavelength  curve.  In  Figure  1.6  we  see  the  results  of 
adding  derivatives  of  cholesteryl  which  vary  either  in  the  position  of 
carbon  atosui,  as  in  the  case  of  the  cholesteryl  butyrate  and  the 
cholesteryl  isobutyrate,  or  in  the  nuaiber  of  hydrogen  atcau  as  in  the 
case  of  cholesterol  butyrate  and  cholesterol  crotonate.  In  all  cases 
a  clear  and  distinct  difference  is  seen  in  the  temperature  vs  wave¬ 
length  characteristic.  Note  that  not  only  are  the  four  curves 
displaced  vertically  with  respect  to  each  other,  but  at  any  wavelength 
they  have  significantly  different  slopes.  This  is  illustrated  by 
Figure  1.7.  In  Figure  1.8  we  see  the  effect  of  the  addition  of 
various  oil  soluble  materials  to  a  sdxture  of  80^  nonanoate  cholesteryl 
and  20^  propionate.  In  this  case  we  do  not  see  as  distinct  a  change 
in  the  slope  of  the  temperature  vs  wavelength  ctirve  as  we  do  in  the 
temperature  displacement.  From  this  data,  it  becosMS  clear  that  there 
are  two  distinct  Identifying  features  which  might  allow  for  the  recog¬ 
nition  of  a  change  in  structure  in  the  cholesteric  phase,  and  which 
would  be  recognizable  as  a  change  in  color  at  a  particular  teiqzerature. 
One  is  a  change  in  slope  of  a  temperature  vs  wavelength  curve  and 
another  is  a  translation  of  the  temperature  versus  wavelength  curve. 
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In  many  cases  we  would  expect  that  both  of  the  above  effects  would  be 
operative.  Ihus,  a  reactive  material  may:  (l)  change  the  structure 
of  some  constituent  of  a  liquid  crystal,  (2)  remove  from  a  liquid 
crystal  some  constituent  which  strongly  affects  its  tenqjerature  vs 
wavelength  characteristic,  or  (3)  change  the  composition  by  the  cata¬ 
lysis  of  a  reaction.  In  the  following  discussions  it  Will  be  shown 
how  all  of  these  effects  were  used  to  detect  and  discriminate  between 
various  types  of  vapors. 

1.5  TSMPERATURE  SENSITIVITr  IN  GAS  DETECTION 

In  the  preceding  section  the  temperature  sensitivity  was 
seen  to  be  sharply  dependent  on  the  type  of  additive  to  the  liquid 
crystal  material.  In  Figure  1.5  the  material  containing  cholesteryl 
acetate  is  much  less  sensitive  than  the  material  containing  cholesteryl 
propionate.  By  finding  the  proper  additive,  the  temperature  sensitivity 
of  liquid  crystal  systems  can  be  greatly  decreased.  An  example  of  a 
stable  additive  which  accomplished  this  purpose  is  cholesteryl  chloride. 

In  Figure  I. 9  the  temp<!rature  vs  wavelength  curves  are  plotted  for 
several  different  mixtures  of  cholesteryl  chloride  in  cholesteryl  no- 
nanoate.  In  a  large  tesperature  region  (50*C),  the  25^  cholesteryl 
chloride  is  temperature  insensitive.  In  this  range  a  change  in  per 
cent  of  cholesteryl  chloride  is  very  easily  seen  as  a  change  of  color. 

I 

Any  materiaLL  idiich  acts  similar  to  cholesteryl  chloride  may  be  expected 
to  behave  in  the  same  way.  Examples  of  materials  in  thi  L  category  are: 
cholesterol,  cholesteryl  bromide  azxi,  to  a  lesser  degree,  cholesteryl 
chlorof ormate .  Table  1.2  gives  the  changes  in  color  for  various  polar 
and  non-polar  solvents.  The  effect  of  polar  solvents  is  a  shift  to  the 
red,  while  the  addition  of  a  non-polar  vapor  shifts  the  color  toward 
blue.  However,  in  some  Instances  there  is  a  tendency  not  to  change  the 
color  at  all  (note  the  effect  of  trichloroethylene  at  20^).  This  indicates 
that  we  mljE^t  expect  some  materials  which,  when  added,  will  not  appre¬ 
ciably  change  the  color  of  the  liquid  crystal.  It  has  been  found  that 
materials  which  have  strong  effects  on  the  slope  of  the  teiqperature  vs 
wavelength  curve  tend  to  have  a  strong  effect  on  this  system  while 
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■ddltlvea,  irtioae  main  affect  is  to  change  the  tesqperature  at  idilch  the 
effect  occurs,  do  not  change  the  color  greatly.  In  this  category  are 
■any  of  the  aaterials  derived  frai  oleic  acid.  A  change  In  the  aolec* 
alar  structure  of  these  aaterials  vlU  have  a  aueh  stronger  effect  on 
the  teq>eratttre  at  which  a  color  occurs  than  on  the  shape  of  the  tem¬ 
perature  vs  wavelength  curve  (Figure  1.4).  This  Is  not  generally 
true  of  most  reactive  derivatives  of  cholesterol  which  say  produce 
substantial  changes  In  the  shape  of  the  teBq;>erature  vs  wavelength 
curve  (Figure  1.$). 

In  most  cases  the  effect  of  a  particular  suiterlal  on  a  tea- 
perature  Insensitive  liquid  crystal  to  idiich  it  is  added  uy  be 
obtained  by  exaalnlng  a  teaperature  sensitive  system.  In  addition,  a 
■aterlal  idilch  Is  tesqperature  sensitive  gives  auch  aore  Information 
concerning  the  effect  of  additives  than  a  teaperature  insensitive 
■aterlal.  Cius,  the  order  of  experiment  has  been:  (l)  to  determine 
a  reaction  which  will  occur  in  liquid  crystal  systems,  (2)  to  incor¬ 
porate  this  reaction  into  a  aaterlal  which  will  fora  a  temperature 
sensitive  liquid  crystal  suitable  for  aeasiiring  the  effects  of  this 
reaction,  (3)  to  determine  which  of  the  aaterials  is  aost  suitable 
for  spot  testing. 

1.6  SFFBCT  OF  THICKHESS 

In  this  study  the  thickness  of  the  liquid  crystal  was  aaln- 
tained  at  as  near  2^  u  as  possible.  The  variation  of  thichness  of 
flla  is  important  for  several  reasons: 

(l)  Die  bri^tness  varies  with  thickness.  The  equation  for 
the  scattering  is  of  the  following  fora: 

I,  -I, 

where  t  »  thickness 

ly  ■  the  intensity  of  the  reflected  light 

I  »  the  intensity  of  the  incident  light 
o 
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e  •  the  natural  logarlthnie  baae 

2 

fi  >  Beer's  Law  csnstant  fur  the  siaterial  which  is  about  5  x  10 
ca'^  for  Bost  liquid  crystals 

f(\,T)  m  a  gausslan  function  of  the  wayelength  and  temperature  for 
any  specific  suiterial 

When  two  materials  are  mixed  together  the  effect  is  usually  to  alter 
3.  However,  in  the  liquid  crystal  case,  the  f(X.,T)  is  altered  with 
respect  to  T. 

(2)  The  diffusion  rate  of  a  gas  into  a  material  is  a  func¬ 
tion  of  thickness;  the  thicker  a  sample  the  longer  the  diffusion  path 
and  thus  the  slower  the  reaction  procedures  and  the  greater  the  quan¬ 
tity  of  the  reactive  gas  needed.  The  quantity  of  gas  needed  to  give 
a  signal  increases  directly  with  the  thickness  of  the  film  and  the 
rate  of  reaction  varies  inversely  vith  the  square  of  the  thickness. 

Considering  both  factors,  for  any  detectors  there  will  be 
an  optimum  thickness  for  any  gas  concentration  and  exposure  time.  To 
obtain  a  film  of  liquid  crystalline  material  of  the  desired  thickness, 
the  materials  were  weighed  and  dissolved  in  a  petroleum  ether-chloroform 
solvent  system  (this  was  subject  to  variation  depending  on  the  type  of 
materials  used).  A  7  to  1  volume  ratio  of  solvent  to  material  was 
maintained.  In  practice,  this  gives  approximately  a  23u  film  when 
cast  on  H/laz'  (x*  determined  gravimetrically).  In  practice,  m  film 
7  to  8u  might  be  desirable  in  order  to  increase  the  sensitivity,  but 
a  thinner  film  would  not  be  suitable  because  of  a  lack  of  brightness. 
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Appendix  II 

CHOCECAL  PREPARATION  OF  MATERIALS 

Unless  othenrlse  specified  all  reactions  were  perfomed  in  a 
3~necked  flask  fitted  vith  ground  glass  Joints  and  equipped  idth  a 
stirrer,  addition  funnel,  reflux  vater  condenser,  and  drying  tubes. 

Heat  was  applied  by  neans  of  a  varlac  controlled  heating  aiantle.  In 
those  instances  where  sene  of  the  starting  isaterials  and/or  the  end 
products  were  subject  to  atmospheric  oxidation,  the  reactions  were 
performed  in  a  dry  nitrogen  atmosphere  maintained  by  means  of  a  nltro* 
gen  delivery  tube.  This  delivery  tube  (sparge  tube)  was  placed  so  that 
the  end  of  the  tube  was  always  below  the  liquid  level  in  the  flask. 

All  solvents  used  were  of  highest  purity  or  were  freshly  distilled. 

All  melting  point  determinations  were  made  in  capillary  tubes 
and  are  reported  uncorrected.  To  facilitate  depicting  structural  for¬ 
mulations  for  the  following  materials,  the  cholesteryl  moiety  will  be 
shown  as  ^27%^ _ * 

(1)  Cholesteryl  Chloroformate 

0 

C27®45  -  0  -  C  .  Cl 

Riosgene  gas  (COCI2)  was  slowly  bubbled  through  a  solution  of  250  g  of 
cholesterol  (Merck  &  Co. )  dissolved  in  2500  ml  of  anhydrous  ethyl 
ether.  After  8-10  sdnutes  a  white  precipitate  started  to  form,  sTter 
an  additional  20  minutes  the  precipitate  started  to  dissolve,  and  after 
10  sdnutes  more  the  entire  content  of  the  flask  was  in  solution.  The 
phosgene  delivery  was  discontinued  and  the  reaction  siixture  was  allowed 
to  stand  for  2-1/2  hours  with  continual  stirring.  The  ether  was  re¬ 
moved  by  vacuum  distillation  and  the  white  crystalline  residue  was 
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«Mh«d  vlth  acetone  axid  recrystallized.  Fine,  vhlte  needles  were  ob¬ 
tained  neltlng  at  ll8.$*C  (frai  acetone). 


C^5  -  0  -  C  -  0  -  (CH2)g  CH-CHCCHg)^®^ 

eholesteryl  chloroformate  (2?k.6  g,  0.5  sole)  dissolved  In  UOO  b1 
of  d>y  benzene  vas  added,  a  drop  at  a  tiae,  a  solution  of  136.9  8 
(0.51  sales)  oleyl  alcohol  (Arcber-Danlels-Midland)  and  29.6  g  (O.5O 
soles)  freshly  distilled  pyridine  dissolved  In  200  al  dry  benzene. 

A  slight  exotherm  vas  noted  during  the  addition.  After  complete 
addition,  the  contents  of  the  flask  were  heated  to  and  maintained  at 
the  teeqperature  of  reflux  for  1  hour.  After  cooling  the  solution  vas 
filtered  and  methyl  alcohol  added  to  the  filtrate  until  further  addi¬ 
tion  caused  no  turbidity.  By  means  of  a  separatory  fimnel  the  oily 
layer  vas  resmed  and  washed  repeatedly  vlth  methanol  until  a  liquid 
crystal  color  temperature  of  21.0*Cto  22.5*C  vas  obtained. 


—  0  -  ^  —  CHaCHCH^ 

To  a  benzene  (250  ml)  solution  of  96.6  g  (0.25  moles)  of  cholesterol 
and  20.6  (0.26  moles)  of  pyridine,  vas  adde$^  dropvlse^  27.2  g  (0.26 
moles)  of  crotonyl  chloride  dissolved  In  35  ml  benzene.  A  strong 
exotherm  resulted.  After  cooling  the  mixture  and  filtering,  methanol 
vas  added  to  the  filtrate.  Die  solid  precipitate  that  formed  vas 
vashed  vlth  alcohol  and  then  recrystallized  from  ethanol  to  give  white 
crystals  which  started  softening  at  90*C  and  were  completely  molten  at 
103*C.  These  results  are  in  accordance  with  values  foimd  in  the 
literature. 


(U)  CholCBteryl  Nonanoate. 

0 

II 

^2^5  -  0  -  C  ’ 

To  463.9  g  (1.2  moles)  cholesterol  and  200.0  g  (1«13  moles)  nonanoyl 
chloride  dissolved  in  950  ml  benzene,  was  added,  dropwise, 89*4  g  (1.13 
moles)  pyridine  dissolved  in  100  ml  benzene.  An  exotherm  was  noted. 

After  complete  addition  the  reaction  mixture  was  heated  to  and  maintained 
at  the  reflxix  temperature  for  1.0  hour,  cooled,  and  then  filtered.  The 
filtrate  was  treated  with  methanol  to  obtain  a  crystalline  product  which 
when  recrystallized  from  acetone  had  a  melting  point  of  79*3  -  60  C 
emd  a  clearing  point  of  91-8*  *  92*C. 


(5)  Cholesteryl  p  -  Amlnophenyl  Carbonate. 

0 

C27H45  -  0  -  C  -  0  -  -  lIHg-Cp) 

A  heterogeneous  solution  of  7>28  g  (O.05  isoles)  p  >  amlnaphenol  hydro¬ 
chloride  and  22.4  g  (0.05  moles)  cholesteryl  chloroformate  in  I90  ml 
benzene  was  reflu>:ed  for  1  hr.  A  solution  of  7.9  S  (0.1  moles)  pyridine 
in  20  ml  benzene  was  added  dropwise  with  the  effect  that  tha  Insoluble 
p  -  sBdnophenol  hydrochloride  dissolved  and  the  insoluble  pyridine 
hydrochloride  formed.  After  coiiQ>lete  addition,  reflux  vas  continued 
ior  an  additional  2.0  hours.  The  filtrata  vas  cooled,  filtered,  and 
treated  with  methanol.  The  product  obtained  vas  recrystallized  from 
acetone  and  had  a  melting  point  of  223*C. 
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(6)  CholmtTyl  Fhenylhydra«lae . 

'aAs  -  ^  '27^5  -  »»  -  » 

'6*5  '6^ 

(•)  (b) 

Xh«  Btructure  of  this  compound  haa  not  been  eca^letely  elucidated  aa 
to  whether  it  la  (a)  or  (b).  The  older  literature  prefer a  atructure 
(a).  A  aixture  of  8.1  g  (0.02  aolea)  eboleateryl  chloride  (Aldrich 
Cheadecd  Co.)  and  23  aO.  phenylhydrazine  vaa  heated  to  and  laaintained 
at  reflux  temperature  for  2.5  hours.  After  cooling,  the  aolld  re¬ 
action  mixture  was  treated  with  benzene  to  dissolve  the  product  and 
filtered  to  remove  the  phenylhydrazine  hydrochloride  salt.  The 
filtrate  was  treated  with  methcmol  to  obtain  a  solid  material  which 
when  recrystallized  from  benzene  and  washed  with  methanol  had  a 
melting  point  of  198  -  199"C. 


(7)  W-Cholesterylaniline . 

®2A5  -  «•  -  '6"5 

A  mixture  of  8.1  g  (0.02  moles)  cholesteryl  chloride  and  aniline 
(25  ml)  wais  heated  to  and  maintained  at  reflux  temperature  for  2.5 
hoxurs.  After  cooling,  benzene  was  added  to  dissolve  the  product  and 
the  aniline  hydrochloride  salt  was  removed  by  filtration.  The  fil¬ 
trate  was  treated  with  methanol,  and  the  solid  obtained  was  recrystal- 
11 zed  from  a  benzene/methanol  mixture  to  give  crystals  melting  at 

189-190*C. 
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(8)  Choletteryl  p  -  Phenylazophenyl  Carbonate. 

0 

II 

®27”i»5  -  0  -  C  -  0  -  -  M  -  M  -  CgHj  (p) 

A  flask  vas  charged  with  22.5  g  (O.05  noles)  cholesteryl  chlorof ornate, 
10.0  g  (0.05  stoles)  p  -  phenylasophenol,  3.9  g  (O.05  noles)  pyridine, 
and  150  b1  benzene.  The  reaction  sdxture  vas  heated  and  nalntalned  at 
reflux  tenperature  for  2.0  hours  and  then  cooled,  filtered,  and  the 
filtrate  treated  vith  nethanol.  The  product  obtained  vas  reerystal- 
lized  froa  benzene /methanol  solution  and  exhibited  a  nelting  point  of 

166*  -  167. 5*C. 


(9)  Cholesteryl  3  -  (U-Pyrldyl)  -  Propyl  Carbonate. 

0 

II  - 

-  0  -  C  -  0  -  CHgCHgCHg  -  H  (^) 

To  6.86  g  (0.05  moles)  4>pyrldine  prc^anol  dissolved  in  acetone,  vas 
addediydropvls^  concentrated  hydrochloric  acid  until  addition  no  longer 
produced  any  turbidity.  The  oily  layer  that  formed  vas  separated  Mid 
vashed  repeatedly  vith  acetone  and  then  subjected  to  a  vacui«  to  remove 
the  acetone.  This  product,  A-pyrldine  propanol  hydrochloride,  vas 
charged  in  a  flask  along  vith  3*9  g  (0.05  voles)  pyridine  and  I50  ml 
benzene.  The  heterogeneous  system  vas  then, dropvise, treated  vith 
22.4  g  (0.05  moles)  cholesteryl  chloroformate  dissolved  in  50  ml 
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b«iiMn«.  A  slight  exothen  was  noted  as  veil  m  a  change  in  the  color 
of  the  solution  (reddish  orange).  The  reaction  nlxture  was  aalntained 
at  nfluz  teaqperature  for  2.0  hours,  cooled,  filtered,  and  the  filtrate 
washed  with  a  ^  codlua  carbonate  solution.  The  benzene  solution  was 
treated  with  methanol  and  a  material  was  obtained  which  started  to 
■elt  at  lOO^C  but  did  not  clear  until  lOT^C. 

(10)  Cholesteryl  Terephthalyl  Chloride. 


®27«45 


-  Cl 

To  20.3  g  (0.1  mole)  terephthalyl  chloride  dissolved  in  173  b1  benzen^ 
was  added  dropwlee,  38.6  g  (O.l  mole)  cholesterol,  and  7*9  g  (O.l  sole) 
pyridine  dissolved  in  I30  ml  benzene.  The  mixture  was  reacted  at 
reflux  teaperature  for  1.0  hour,  cooled,  filtered,  and  the  solvent  re¬ 
moved  frost  the  filtrate  by  means  of  reduced  pressure.  This  product 
exhibited  a  melting  point  of  l£l*  -  164*C. 

(11)  Cholesteryl  Isophthalyl  Chloride. 


C  -  Cl 


y 

Tb  20.3  g  (0.1  mole)  isophthalyl  chloride  dissolved  In  123  ml  benzene, 
was  added,  dropvls^  38.6  g  (0.1  mole)  cholesterol  and  7.9  g  (0.1  mole) 
pyridine  dissolved  in  123  ml  benzene.  The  mixture  was  reacted  at  re¬ 
flux  temperature  for  1.0  hour,  cooled,  filtered,  azxl  the  solvent  was 
removed  from  the  filtrate  by  means  of  reduced  pressure.  The  product  so 
obtained  was  an  oil. 

(12)  Cholesteryl  Phthalyl  Chloride. 


0 

II 

0  -  c 


(fir 


0 

II 

C-Cl 


To  20.3  g  (0.1  mole)  phthalyl  chloride  dissolved  in  123  ml  benzene, was 
added,  dropwls^  38.6  g  (O.l  B»le)  cholesterol  and  7.9  g  (0.1  mole) 
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pyridine  dissolved  in  125  ■!  benezene.  The  adxture  vzs  reacted  and 
the  product  isolated  in  the  same  Banner  as  described  above  (U),  to 


obtain  an  oil. 


(i3)  Oleyl  Terephthalyl  Chloride. 


<=18"35  -  °  - 


Of. 


To  20.3  g  (0.1  mole)  terephthalyl  chloride  dissolved  in  125  isl  benzen^ 
was  added^dropvise, 26.9  g  (O.l  mole)  oleyl  alcohol  and  7>9  g  (0.1  mole) 
pyridine  dissolved  in  100  sd  benzene.  The  reactijon  mixture  was  heated 
to  reflux  tea^rature  and  the  teaip<irature  Baintai|i|sd  for  1.0  hour,  and 
then  cooled,  filtered,  and  the  solvent  reawnred  frcxn  the  filtrate  by 
Beans  of  reduced  pressure.  The  product  obtained  was  an  oil  which 
slowly  crystallized  on  standing. 


(l4)  Oleyl  Isophthalyl  Chloride. 


The  same  quantities  of  reactants  (except  for  the  replaceaaent  of  ® 
terephthalyl  chloride  with  Isophthalyl  chloride)  and  solvent  were  used 
as  described  in  the  previous  preparation.  The  pi|’oduct,  an  oil  which 
did  not  crystallize  on  standing,  was  obtained  by  ^the  saae  procedures 
as  outlined  above  (13) . 


(15)  Oleyl  Phthalyl  Chloride. 


'IB'S?  ®  -  ? 


C  -  Cl 


The  same  preparative  procedures  were  used  in  this  preparation  as  in 
(13)  above  with  the  exception  that  phthalyl  chloride  was  used  in  place 
of  terephthalyl  chloride.  The  end  product  was  an  oil  which  did  not 
crystallize  on  standing. 
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(l6)  Chole«teryl  p-Methylol  Bengyl  Carbomite. 

0 

II 

-  O-  C-  O-  CHg  -  CgH,^  -  CHgOH  (p) 

To  22.;$  g  (0.03  sole)  cholesteryl  chlorofonaat*  dissolved  in  73  ■! 
bsnzene,  vsis  sdded,  a  alxture  of  6.03  g  (0.03  »ola)  p-dlsethylolbensEene 
and  3*9  8  (0.03  anle)  pyridine  dissolved  in  200  al  benxene.  When  the 
reaction  alxture  was  heated,  the  dissolved  p-dlaethylolbenzene  becsme 
soluble.  The  solution  vas  refluxed  for  1.0  hour  and  then  allowed  to 
cool.  The  product  was  not  Isolated  but  vas  used  (in  solution)  for  the 
following  preparation. 


(17)  Cholesteryl  (p-Methylene  Chlorof ornate)  -  Benzyl  Carbonate. 

0  0 

II  II 

-  0  -  C  -  0  -  CHg  -  C^K,^  -  CHg  -  0  -  C  -  Cl  (p) 

Continuing  frasi  the  preceding  preparatlo..  ,j.6),  the  reaction  flask  vas 
equipped  vlth  a  gas  delivery  tube  extending  below  the  surface  of  the 
solution.  Phosgene  gas  (COag)  vas  passed  into  the  flask  at  a  rate  of 
approxlnately  0.2  Uters  per  minute  for  a  period  of  15  rlnutes.  At  the 
end  of  this  period  gas  delivery  vas  discontinued  and  the  entire  contents 
of  the  flask  were  refluxed  for  1.0  hour.  The  reaction  mixture  vas 
cooled,  filtered,  and  the  solvent  removed  using  a  reduced  pressure. 

The  solid  that  reina,ined  was  washed  with  acetone  several  times.  This 

crystaUine  material  started  melting  at  171 ’C  azsl  vas  completely  molten 
at  175 'C. 

I 

h 

(18)  Cholesteryl-h^Pyridyl  Acetate. 

i  0 

i  M 

I  'aAs  -  0  -  c  -  ci^  -  CjH,,*  (k) 


I  To  13.3  g  (0.04  mole)  cholesterol  in  73  xylene,  was  added,  7.0  g 

I  (0.04  B»ie)  4-pyridlne  acetic  acid  hydrochloride  in  30  ml  of  xylene, 

I  and  then  1  g  of  p-toluenesulfonlc  acid  was  added.  The  reactants  were 

j 

i  refluxed  for  7.5  hours.  The  solvent  was  removed  by  vacuum 

I 

I 
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diftlUatlon  and  the  solid  product  that  was  obtained  was  recrystallited 
froB  methanol,  n.p.  l48  -  lUg'C. 

(19)  Cholesteryl  3- (^-Pyridyl) -Propyl  Ether. 

-  0  -  CHgCHgCHg-CjH^N-CU) 

A  flask  was  charged  with  20.5  g  (0.15  moles)  of  U-pyridyl-1- 
propanol,  38.6  g  (O.IO  mole)  of  cholesterol,  90  g  of  activated  Floridan 
Clay  and  xylene  as  the  solvent.  A  nitrogen  atmosphere  was  continuously 
maintained  during  the  reaction.  Ihe  reactants  were  refluxed  for  2,0 
hours.  After  cooling  and  filtering,  methanol  was  added  to  the  filtrate 
and  a  product  was  obtained.  Ihis  product  was  found  to  be  unreacted 
cholesterol,  m.p.  IU7*  -  lU8*C  alone  and  when  mixed  with  an  authentic 
sample.  Only  a  minute  amount  of  a  solid  material  believed  to  be  the 
desired  product  was  Isolated.  It  was  used  as  obtained  and  was  not 
purified  further. 

(20)  Cholesteryl  4-Fyridylnethyl  Cftrbonate. 

0 

M 

C27»45  ‘  0  -  C  -  0  -  CHg  -  CjH^II-CU) 

To  67.38  g  (0.15  mole)  cholesteryl  chloroformate  dissolved  in  125  ml 
benzene  was  added  a  drop  at  a  time  a  solution  of  I6.35  g  (O.15  mole) 
U-pyridyl  carbinol  and  l8.2  g  (0.I8  mole;  20i  excess)  triethylamine 
dissolved  in  125  ml  benzene.  (Note;  the  carbinol  was  not  coBq>letely 
soluble.)  During  the  addition  the  solution  became  red  in  color  and  an 
exotherm  was  noted.  Another  100  ml  of  benzene  was  added  to  decrease 
the  viscosity  of  the  solution  which  was  then  refluxed,  for  1.0  hour. 

Some  difficulties  were  encountered  trying  to  Isolate  and  purify  this 
product.  It  was  used  in  tiils  impure  state  as  a  test  reagent.  Since 

the  results  were  not  encoiuraging,  no  further  purification  was  attempted 

(21)  Oleyl  Amine. 

CH2(CHg).^CH-CH(CI^).y  CHglTiig 
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This  Mt«rlal  mui  obtained  frosi  Armour  Chemical  Co.  aa  Armeen  OD.  It 
vaa  not  uaed  aa  aueh  but  vacuum  redlatlUed.  The  material  that  came 
off  at  126*C  at  0.06  mm  preaaure  vaa  labelled  and  uaed  aa  oleyl  amine. 


II 

-  0  -  C  -  -  KIjCp) 

Ts  293*8  (  (0.76  mole)  cholesterol  and  59*3  g  (0.79  mole)  pyridine 
dlaaclved  In  900  ml  benzene,  vaa  added,  dropvlae,  139.2  g  (0.79  a»le) 
p^nltrObenzoyl  chloride  dlasolved  In  400  ml  benzene.  A  atrong  exothera 
reaulted  during  the  addition.  Ihe  mixture  vaa  refluxed  for  2.0  houra, 
the  hot  aolutlon  vaa  filtered  and  then  alloved  to  cool.  A  tan  cryatall 
aoUd  vaa  obtained  vhlch  vaa  recrystalUzed  from  methyl  celloaolve 
(ethylene  glycol  monomethyl  ether).  The  recrystallized  solid  vas  pale 
yellov  In  color  and  melted  at  I90  •>  191*C. 


li 

®27*^9  *  0  -  C  -  C^Hj^  -  m^iv) 

The  eholesteryl  p-nltrobenzoate  piepcured  above,  (22),  vas  uaed  for  this 
preparation.  Thus,  to  6  g  of  toe  p>nitro  derivative  in  80  ml  glacial 
acetic  acid  vas  added  3*9  g  of  100  mesh  Iron  filings.  The  mlxtxire  vaa 
boiled  under  gentle  reflux.  The  solution  vent  from  colorless  to  dark 
brown  during  the  first  half-hour,  and  after  l.$  hours  all  of  the  p-nitro 
cofl^Kmnd  had  dissolved.  Reflux  vaa  maintained  for  a  total  of  2.3  hours. 
The  solution  vas  transferred  to  a  beaker  and  alloved  to  cool  (crystal¬ 
lized).  The  entire  contents  of  the  beaker  vere  repeatedly  washed 
vlth  1  X  hydrochloric  acid  \mtil  the  washings  vere  colorless,  and  then 
with  water  until  the  washings  vere  neutral  to  litmus.  The  solid  so 
obtained  vas  recrystallized  tvice  from  boiling  amyl  acetate  to  give 
large  tan  needles  with  a  melting  point  of  238  -  239*C. 


To  20.5  g  (0.17  oole)  Isonlcotinic  acid,  wm  added, 80  a1  (excess)  of 
thionyl  chloride  (SOCI2)  and  the  mixture  refluxed  for  2.0  hours.  At 
the  end  of  this  period,  the  flask  was  set  up  for  a  distillation,  and 
the  excess  thionyl  chloride  removed  by  distillation.  The  reflux  con¬ 
denser  was  returned  to  the  flask  i^ich  now  contained  isonicotinoyl 
chloride.  After  adding  100  ml  of  benzene  to  the  flask,  9I.5  g  (0,3l»l 
moles)  of  oleyl  alcohol  dissolved  in  100  sil  benzene  was  added  dropwise. 
During  the  addition  the  reaction  flask  was  kept  in  an  ice  bath.  After 
the  addition  was  con^leted,  the  flask  was  allowed  to  warm  up  and  then 
heated  and  suiintalned  at  reflux  temperature  for  30  minutes.  The 
contents  of  the  flask  were  cooled,  treated  with  250  ml  of  a  20^  sodium 
carbonate  solution  for  15  minutes,  transferred  to  a  separatory  fuimel, 
and  the  aqueous  layer  discarded.  The  benzene  phase  was  washed  with 
water  and  dried  over  Drier! te.  The  solvent  was  distilled  and  the 
residue  fractionally  distilled.  In  this  manner  oleyl  isonicotinate 
(b.p.  190  -  193*/0.11  nn  and  179  -  l82*/0.06  sbs)  was  obtained. 

, 

j  (25)  Oleyl  Nicotlnate. 

0 

II 

C18H35  -  0  -  C  -  (3) 

I  Micotlnoyl  chloride  (17.8  g,  0.1  mole)  was  dissolved  in  I50  ml  benzene 
I  and  the  flask  cooled  in  an  ice  bath.  Oleyl  alcohol  (26.8  g;  0.1  mole) 

I  in  100  Bil  benzene  was  added  dropwise.  After  complete  addition,  the 

reaction  oiixture  was  heated  to,  and  maintedned  at,  reflux  for  2.0  hours. 
The  reaction  mixture  was  cooled,  treated  with  I50  ml  of  2C^  sodium 
carbonate  solution  (added  slowly),  transferred  to  a  separatory  funnel, 
and  separated.  The  benzene  layer  was  distilled  at  atmospheric  pressure 
to  remove  solvent  and  then  under  reduced  pressure  to  obtain  the  oleyl 
nicotlnate,  b.p.  I9I *0/0.07  Ife. 
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(26)  Oleyl  I«onlp<eotoftte . 

0 


CjigHj,  -  0  -  b  -  (*.) 


This  asterial  vst  prepared  in  a  Banner  slBilar  to  that  used  in  the 
preparation  of  oleyl  isonicotinati  (24).  Thus,  20.^  g  (O.I6  sole) 
isoiipeeotic  acid,  80  nl  (exceBs)j  thionyl  chloride,  and  42.7  g  (0*l6 
aole)  oleyl  alcohol  were  used  in  jbhis  preparation.  Vacuua  distillation 
resultled  in  detaining  oleyl  i8onlj;>ecotoate,  b.p.  130*C/0.1  am.  Hg. 


(27)  Cholesteryl  Isonlbotinate . 


-  0  -  p  -  CjH^N  (4) 

• 

As  in  the  preparation  of  oleyl  iaonieotinate  (24),  isonieotinoyl  chloride 
vas  first  prepared  frcaa  20.5  g  (0.17  laolea)  isonieotinic  acid  and  80  al 
(exee««>)  of  thionyl  chloride.  This  product  vas  then  reacted  vltb 
64.3  g,(0.17  aulea)  choleaterol  in  300  ad.  benzene.  To  the  flask  was 
added  200  ml  of  a  20^  sodium  carbonate  solution,  and  the  contents  of 
the  flask  uere  then  separated  in  a  separatory  funnel.  The  benzene 
phase  I  vas  treated  vith  Mthanol  and  the  solid  so  obtained  by  filtration 
vas  i4erystallized  from  acetone,  B.p.  172.5-  173*C. 


(28)  Cholesteryl  Isonipecotoate . 

0 


'27»U5  -  ®  ■  P  - 


Isonipecotoyl  chloride  vas  prepared  froB  20.5  g  (0.I6  moles)  isoni- 
pecotic  acid  and  80  ml  thionyl  ctjloride.  This  product  vas  then  reacted 
vith  61.4  g  (0.16  Bole)  cholesterol  in  325  b1  benzene.  Using  the  ssm 
procedures  as  in  the  preparation  of  cholesteryl  isonicotinate  (27)  for 
obtaining  the  product  from  the  reaction  Bixture,  an  oil  vas  obtained. 

Upon  standing,  this  oil  crystallized  partially.  Attempts  to  recrystallizi 
this  oil  have  been  only  partially  successful.  Usually  it  eases  out  of 


f 


solution  as  an  oil  first  axul  then  slovly  crystallizes  to  give  a  solid 
which  starts  to  melt  at  8l*C  and  is  ccsipletely  molten  at  89*0. 
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Appendix  III 

VOLUMETRIC  DILUTION  APPARATUS 


The  volumetric  dilution  apparatus  shown  in  Figure  III.l 
consisted,  very  briefly,  of  a  3  ce  sastple  chamber  A  connected  at  one 
end  to  a  manometer  (B),  to  the  gas  bottle  (C)  and  to  the  atmosphere 
(d)«  At  the  other  end  this  sasqple  chsjsber  (A)  is  connected  to  a 
vacuum  line  (E)  and  to  a  mixing  volxime  (?)  which,  in  turn,  is  con¬ 
nected  to  a  smaller  reaction  chamber  (c)  that  can  be  evacuated  indepen¬ 
dently. 


Figure  III.l  -  Volumetric  dilution  apparatus. 


Ill 
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Tbt  t«tt  lople  hoop  it  pl*eed  in  (g)  and  the  whole  syetea  it  evacuated 
to  a  known  pretaure  (uaucUy  leaa  than  H  aa  Hg)  to  the  gaa  bottle. 
After  cheeking  for  leaks,  three-way  stopcock  1  is  closed  axid  three- 
way  stopcock  2  is  open  to  the  nanosMter  and  the  gas  bottle.  A  known 
pressure  of  gas  is  then  bled  into  saqple  ehaadMr  (A);  when  this  is  done 
stopcock  2  is  also  closed,  so  that  saaple  chaaber  (a)  contains  3  cc 
of  contasdnant  gas  at  a  known  pressxire.  Stopcock  (3)  is  rotated  l80* 
so  it  is  open  frosi  (A)  to  (F)  but  closed  to  (l).  Stopcocks  1,  2  and  A 
are  subsequently  turned  so  as  to  allow  atanspheric  air  to  flush  the 
contasdnant  gas  into  nixing  volune  (F).  In  this  Banner  3  cc  of  gas  at 
any  desired  pressure  is  nixed  with  9200  cc  of  air  to  ataospheric  pres¬ 
sure,  yielding  the  desired  contasdnant  gas/air  voluiae  ratio.  The 
diluted  gas  in  volune  (F),  with  or  without  a  delay  of  five  ninutes, 
is  then  (%llowed  to  flow  into  the  evacuated  reaction  chaaber  (G),  where 
the  test  hoop  is.  When  pressure  equilibrium  between  (F)  and  (G)  is 
established,  the  test  hoop  is  exposed  to  the  desired  eoacentration  of 
contsadnent  gas  at  a  pressure  (usxially  about  $70  torr)  soaewhat  below 
ataospheris  pressure.  The  latter  nay  be  attained  either  by  bleeding 
air  into  (F)  and  repeating  the  procedure  described  above  or  by  bleeding 
air  into  (G)  directly.  In  either  case  the  contaainant  gas  concentra- 
tion  is  reduced  socsewhat  by  a  predictable  amount.  With  this  aethod, 
concentrations  as  low  as  6  parts  per  nllUon  have  been  obtained, 
with  even  lower  concentrations  possible. 

The  ratio  between  the  amoxmt  of  detecting  material  spread 
out  on  the  Hy^lar  hoop  (U.2$  inch  diameter)  and  the  actual  amount  of 
gas  present  in  the  test  chamber  during  the  experiment  is  large,  especially 
at  the  low  contaminant  gas  concentrations  explored.  Therefore,  the 
contaainant  gas  concentration  in  the  test  chaid)er  decreases  during  a 
1$  sdnute  exposure  b^ause  of  continuous  reaction  with  the  liquid 
crystal  materials.  That  is,  the  actvial  average  concentration  of  con¬ 
taminant  gas  over  the  dtiration  of  the  test  is  perceptibly  lower  than 
the  Initial  concentration  reported  in  each  case.  Therefore,  the  shift 
in  color  teaq)erature  of  the  detecting  material  being  investigated  would 
most  probably  be  soesewhat  greater  if  the  contsalnant  gas  concentration 
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vertt  kept  constant  or  if  the  ratio  of  reactive  naterial  to  contaad-nant 
gaa  were  greatly  reduced. 

After  the  desired  length  of  exposxire,  the  aampls  is  reaoved 
and  tested  in  the  temperature  versus  wavelength  measui  ing  apparattis. 
lach  sample  is  first  tested  before  exposure  to  contaminant  gas,  then 
exposed  and  tested  again,  the  whole  operation  taking  about  1.5  hour. 
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Appendix  ZV 

APHJCATION  or  LIQUID  CRYSTAL  DETECTORS 

Die  reactive  materials  delivered  to  the  AT  in  accordance 
vlth  the  contract  are  very  sensitive  to  small  quantities  of  gases  which 
are  usually  present  in  the  laboratory  atmosphere  so  they  must  be 
protected  frsi  premature  exposure. 

In  maJcing  a  sample  for  laboratory  use,  a  thin  film  of  the 
material  must  be  prepared  on  a  suitable  substrate.  This  substrate  may 
be  any  material  which  gives  good  liquid  crystal  alignment,  but  does 

not  react  with  the  liquid  crystal.  Suitable  smteriails  are  epoxy  coated 

i 

metals  and  Mylar.  Mylar  is  the  most  convenient  material  to  use  because 
it  is  avadlable  in  a  wide  variety  of  sizes  and  thicknesses.  Any  con* 
venlent  area  of  detector  can  be  used.  However,  if  a  limited  astount  of 
contaminated  air  is  being  used  for  testing,  the  size  of  the  detecting 
area  used  should  be  kept  reasonably  small,  because  otherwise  enou^  of 
the  contasdnant  will  be  absorbed  during  a  1$  minute  exposxire  to  appreciably 

I 

alter  the  concentration  of  the  contaminant.  If  the  area  is  made  less 
than  3  m  in  diameter  then  magnification  will  be  required  in  order  to 
observe  color  changes. 

The  film  may  be  put  down  either  by  casting  or  spraying.  Each 
of  the  materials  is  provided  in  a  solvent  which  will  allow  casting  of 
samples.  If  further  dilution  is  desired,  as  for  spraying,  a  solvent 
should  be  used. i  Eight  parts  by  volume  of  solvent  to  om  part  liquid 
crystal  will  yield  20u  to  23u  film  which  is  a  desired  thickness.  The 
film  can  be  cast  using  an  eye  dropper  or  hypodermic  syringe.  To  allow 
the  material  to! flow  properly  on  the  substrate,  a  few  drops  are  placed 
in  the  center  of  the  area  to  be  covered.  After  this  procedure,  the 
solvent  is  allowed  to  evaporate.  If  any  solvent  reaiains  the  test  may  be 


invalid.  Ta  tpray  a  fila  the  dllutlen  of  the  liquid  crystal  is  not 
critical.  However,  the  skill  of  the  operator  beesnes  aore  important. 
When  spraying  this  ataterial,  any  desired  shape  or  area  may  be  covered 
and  Most  caeinercially  available  air  guns  aa^'  be  used.  The  aaterial  is 
usually  applied  in  several  coats  to  obtain  the  proper  thickness. 

The  detectors  aay  be  exposed  to  gas  et  any  temperature  fras 
10*C  to  80*C.  They  may  be  exposed  at  this  vide  range  of  teBq>erature 
because  the  indicating  reaction  is  not  a  function  of  the  state  of  the 
aaterial.  The  fila  aay  simply  be  exposed  to  static  air  that  contains 
the  gas  to  be  detected.  However,  a  flow  of  air  across  the  film  reduces 
the  required  exoosure  tisM. 

The  interpretation  of  the  results  of  these  tests  aay  be 
Bade  in  sobm  cases  by  directly  noting  a  peraanent  change  froa  green  to 
red  (see  the  section  on  UfMR)  at  roon  temperature.  However,  to  use 
aost  of  the  test  uterials  one  needs  to  heat  the  reacted  detector 
saaple  and  note  whether  it  shifts  color  at  a  higher  or  lower  tempera¬ 
ture  than  an  unreacted  ssaple.  Heating  can  be  easily  achieved  with 
electric  current,  a  light  bulb,  a  flame  or  even  body  heat.  For  quan¬ 
titative  analysis  the  amount  of  this  temperature  shift  should  be  deter¬ 
mined.  Generally  a  pair  of  samples  of  each  material  should  be  prepared. 
One  is  used  for  a  reference  and  is  covered  so  that  it  will  not  react 
with  the  contaminant.  After  reacti:»  the  pair  are  heated  until  om 
turns  red  and  then  slowly  heated  further  until  the  second  turns  red. 

The  difference  in  color-shift  temperature  or  "red  temperature"  is  noted. 
A  small  change  in  the  red  temperature  indicates  a  small  concentration  of 
contaminant  while  a  large  red  tempsrarore  shift  would  mean  a  large  con¬ 
centration  of  contaminant.  See  Table  1.1* If  the  "red  temperature"  of  the 
exposed  material  is  higher  than  the  red  temperatui^  of  the  unexposed  ma¬ 
terial  the  color  shift  is  said  to  be  positive. 

If  accurate  teaperature  indicating  methods  are  not  available 
o  second  techniaue  can  be  employed.  A  pair  of  unexposed  and  exposed 
samples  are  heated  together  until  the  unexposed  saaple  turns  green. 
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The  anouint  and  direction  of  color  ahlft  of  the  other  eanple  viU  indicate 
the  type  and  aaount  of  rcau:tion.  See  Table  If  a  large  concentra¬ 

tion  of  the  reactive  gas  is  present  and/or  if  the  exposure  tia»  is  long, 
then  the  exposed  sample  will  appear  black  at  the  testing  temperature. 

Fox  materials  thet  exhibit  a  positive  critical  tes^rature  shift  for 
sotoe  gases  and  a  negative  shift  for  others,  the  saaples  will  have  to 
be  heated  or  cooled  to  determine  whether  the  shift  was  positive  or 
negative. 

A  third  technique  is  to  use  a  set  of  nonreactive  standard 
HUiterials  that  have  temperature  vs  wavelength  (color)  characteristics 
that  match  those  of  the  reactive  sample  after  exposure  to  various 
gas  concentrations.  By  coe^aring  the  reactive  samples  with  these  stan¬ 
dards  the  at&ount  of  contamination  can  be  determined. 

Table  IV.  1  lists  all  of  the  samples  delivered  to  RABC  and 
indicates  which  gases  will  react  with  each.  The  color  transition 
temperature  will  shift  up  or  down  upon  exposure  as  indicated. 

Before  exposure  all  of  these  materials  have  a  translticQ  temperature 
of  about  29*C.  The  solvent  used  for  materials  amrfjered  3»  5 

petroleum  ether.  The  solvent  used  for  all  of  the  other  sampLja  is 
80%  petroleum  ether  and  20lt  chloroform. 

Two  tenqjerature  insensitive  materials  were  also  supplied.  These 
permanently  shift  color  from  green  to  red  c«i  exposure  to  or 
hydrazine.  The  composition  by  weight  is  as 

UI9fi  #1  2  parts  Cholesteryl  Ter 

7  "  Oleate 

1  "  Choi.  Bonanoate 

2  "  Choi.  Chloride 

UI3MK  #2  2  parts  Choi.  Isophthalyl  Chloride 

7  "  Cholesteryl  Erucyl  Carbonate 

1  "  Choi.  Bonanoate 

2  "  Choi.  Chloride 


IjoUows : 

fbthalyl  Chloride 

I 


U7 


Table  IV.  1  —  List  of  Reactive  Materials  Supplied 


Direction  of  Color  Shift 


Detector 

Matrix 

CoeipoBitlon 

a  Ronyocc* 

Detector 

It 

ROg 

f 

**2°4 

HF 

HCl  H  H 

UDMH 

1. 

Methyl  Unoleate 

60/40 

down 

2. 

Methyl  Llnolenate 

60/40 

3.4 

down 

3- 

Cbolesteryl  Phenyl 
Hydrazine 

50/50 

4 

up 

4. 

Oleyl  Ibonlcotinate 

60/40 

3.5 

up 

up 

5. 

Oleyl  Amine 

60/40 

5.5 

up 

up 

6. 

Oleyl  Chlorofomate 

60/40 

3 

up 

down 

7. 

Oleyl  Terephthaloyl 
Chloride 

54/46 

4 

up 

down 

8. 

Oleyl  Isopbthaloyl 
Chloride 

56/44 

4 

up 

down 

9. 

Cholesteiyl  Iso- 
phthaloyl  Chloride 

40/60 

4 

down 

do%m 

10. 

Cholesteryl  Ter- 
ephtbaloyl  Chloride 

30/70 

4 

first  up 
then  down 

down 

11. 

Oleic  Acid 

60/40 

4.5 

SBMlll 

down 


*C.  Non.  ■  Cbolesteryl  Ronanoate 

OCC  ■  Oleyl  Cbolesteryl  Carbonate 
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